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ABSTRACT 
Pakistan ranks at 4th position with respect to global area and production of cotton, 
however the yield level is still low as compared to other major cotton producing 
countries. There are so many pathways which contribute to the final yield of cotton plant, 
one of which may be the exploitation and selection for some basic traits related to boll. 
Keeping in view the importance of within-boll yield components in determining the final 
yield, present study was carried out in research area of the Department of Plant Breeding 
and Genetics, University of Agriculture, Faisalabad to estimate the genetic basis of 
various yield and quality attributes, combining ability and heterotic manifestation and 
correlation of agronomic, boll related and fibre quality traits in Gossypium hirsutum L. 
For this study two crosses were made involving four contrasting parents with respect to 
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seed cotton yield and fibre quality characters. Crosses were made following triple test 
cross model and data on various agronomic, boll related and fibre quality traits were 
recorded and analyzed. Significant amount of epistatic interaction was found to be 
involved in expression of almost all the traits. The additive variance was greater in 
magnitude that dominance variance for traits like number of bolls per plant, seed cotton 
yield per plant, lint percentage, lint index, fibre fineness, lint mass per boll and lint mass 
per seed resulting in partial degree of dominance for these traits. While dominance 
variance was found to be greater in magnitude than additive variance for average boll 
weight, fibre length, fibre strength, number of seeds per boll, seed mass per boll, seed 
index, seed volume and seed surface area resulting in over-dominance type of gene 
action. Seed density showed complete dominance of the genes. BH-89 showed highest 
positive GCA effects for most of the traits. Among testers, CIM-1100, CIM-496and FH-
634 showed significant GCA effects for most of the traits. NIAB-999 × CIM-70 proved to 
be the best regarding seed cotton yield per plant and seed surface area. Combination of S-
12 with (NIAB-228 × BH-160) showed maximum value regarding lint percentage, fibre 
length, seed volume and seed surface area, it also proved to be the best for seed density 
when combined with NIAB-228. The highest value of mid and better parent heterosis 
regarding number of bolls per plant (43.60% and 25.52%), seed cotton yield per plant 
(61.41% and 30.67%) and seed number per boll (17.28% and 16.14%) was observed for 
the hybrid BH-89 × CIM-496. Correlation studies revealed that bolls per plant were 
positively associated with seed cotton yield. Average boll weight showed significant 
positive correlation fibre strength and seed cotton yield. In the second cross, number of 
bolls per plant showed positive correlation with boll weight, fibre strength and seed 
cotton yield. Number of seeds per boll was positively associated with lint percentage, 
fibre length and seed cotton yield. Fibre length and fibre fineness were negatively 
correlated. Fibre length showed positive association with seed cotton yield. 
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CHAPTER 1 
INTRODUCTION 
Cotton is an important agricultural commodity in the world economy which is 
grown in more than 65 countries. It is a heavily traded agricultural commodity and more 
than hundred countries are involved in the imports or exports of cotton. Cotton not only 
serves as the most important natural fibre crop, but also provides a major source of edible 
oil for human consumption and protein rich seed cake for animal feed (Alford et al., 
1996). 
Cotton, as a cash crop, is considered as the back bone of agricultural economy of 
Pakistan. Besides providing raw material for textile and oil industry, it is one of the major 
sources of foreign exchange earnings i.e. >65% of the total foreign exchange is fetched 
through the export of its raw material or finished products. Cotton crop accounts for 7.5% 
of value added in agriculture and about 1.6% to GDP (Pakistan Economic Survey, 2012-
13). Cotton is principally grown for its fibre but it also provides food in the form of 
edible oil for human consumption, feed for farm animals as protein rich seedcake (Ali 
and Awan, 2009) and fuel for fire making in villages and in preparation of bricks. Its 
contribution in oil production accounts to 60-70% of the local production of edible oils in 
the country (Rahman, 1989; Agriculture statistics of Pakistan; www.pakissan.com). 
Millions of people in Pakistan are engaged for earning their livelihood in many of its 
production and consumption aspects like sowing, picking, ginning, textile as well as oil 
industry and finally the marketing of its final products (Eisa et al., 1994).  
Breeding and development of cotton in our country has two most important 
aspects; first is the increase in overall production of seed cotton to meet the increasing 
domestic and foreign demand and second is the improvement in lint quality to fulfill the 
requirements of highly specialized and more sophisticated machinery needing fibres of a 
uniform length, fineness and strength used in textile industry. Increase in seed cotton 
yield with improved quality mainly depends upon the genetic makeup of a variety. 
Keeping in view the importance of cotton in Pakistan, this crop enjoyed maximum 
attention of plant breeders who made intensive and constant efforts to increase the 
productivity and quality of cotton since independence. As a result dozens of varieties 
have been evolved which possess rich potential for yield and quality of fibre which lifted 
up Pakistan as the 4th major cotton producing country worldwide. During 2012-13 the 
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crop was sown on an area of 2.879 Mha while the production was 13.0 million bales 
(Pakistan Economic Survey, 2012-13).  
However the yield level on per hectare basis is still low i.e. 769 kg ha-1 (Pakistan 
Economic Survey, 2012-13)  as compared to other major cotton producing countries like 
Australia with an average yield of 2269 kg ha-1 (USDA, FAS. 2013) which pushes 
Pakistan below top ten positions with respect to per hectare seed cotton yield. To fulfill 
the increasing fibre demand due to overwhelming increase in population and to boost-up 
our agricultural economy, it is necessary to increase per acre yield. Tremendous efforts 
have been made by plant breeders to increase cotton productivity but focus remained on 
direct selection for number of bolls on unit land area for decades. To enhance 
productivity, conventional breeding methods have been used in recent years (Rathore et 
al., 2008; Schwartz and Smith, 2008). There are so many pathways which contribute to 
the final yield of cotton plant, one of which may be the exploitation and selection for 
some basic traits related to boll e.g. seeds number per boll, seed size, seed index, weight 
of seeds per boll, lint mass per seed, seed volume, surface area of seed and number of 
fibres produced on unit surface area of the seed and their impact on seed cotton yield and 
fibre quality. A little selection has been done for these traits other than lint percentage 
mainly because of the difficulty of their measurement. 
The success of evolving varieties possessing desirable features through selection 
and genetic means, depends upon two basic components i.e. the existence of variability 
within the germplasm with respect to traits of interest, and secondly this variability must 
have a considerable genetic component. Earlier reports on seed cotton yield attributes and 
within-boll yield components reveal that variability in these characters does exist and also 
this variability seems to be genetically controlled. A few investigations have been 
reported on the genetic behavior of these most basic boll related traits and their relation 
with seed cotton/lint yield and fibre quality. Coyle and Smith (1997) reported contrasting 
relationship among lint quality and boll related yield contributing traits with respect to 
general combining ability (GCA) effects. Fibre strength and length depicted negative 
association with boll related yield components (Smith and Coyle, 1997). Bednarz et al. 
(2007) proposed the possibility for unit seed surface area as the selection criterion for 
increased lint production in future.  
The preponderant effect of genes inheriting non-additively was estimated for most 
of the seed physical traits while some also exhibited additive gene action (Basal et al., 
2009).  Culp and Harrell (1975) reported that increased lint yield resulted by increased 
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seeds per boll, which increased the seed surface area for greater lint production. Selection 
should be based on frequency of bolls per unit land area and seeds number produced in 
individual boll, concomitantly with selection to increase or maintain amount of lint 
produced on individual seed (Worley et al., 1974). But no or very little information about 
existence of variability and its control mechanism is reported with the germplasm 
available in Pakistan. Rahman et al. (2005) reported low genetic variability with respect 
to seed physical traits. Differential response of cultivars in the expression of seed 
physical traits was observed across temperature regimes (Rahman et al., 2007). Imran et 
al. (2012) reported that most of the within-boll yield contributing traits were found to be 
non-additively controlled.  
The breeding procedure depends upon the availability of information about the 
inheritance pattern, quantitative or qualitative nature, the frequency of genes with major 
effects and the nature of gene action controlling the expression of traits under 
consideration. Availability of such information about the genetic basis of variation may 
help to devise a strategy for making selection of desirable plants possessing the desirable 
traits and predicting progress through selection. Although information on the occurrence 
of variability regarding number of bolls, boll weight, seed cotton yield and other major 
agronomic characters along with their inheritance pattern is well documented but 
unfortunately the information on occurrence of variability with respect to most basic 
within-boll yield components and its genetic basis is very rare.  Therefore, keeping in 
view the thirst for this aspect, the present study was aimed to investigate the genetic basis 
of within-boll yield components as the prime objective. 
A good genetic model, infact, is that which enables the breeders to have precised 
and reliable estimates of all the components of genetic variance. Most of the genetic 
models available to the research workers for estimation of components of variation in 
traits quantitatively inherited assume additivity of genetic effects over loci; however this 
assumption does not hold good in some populations. The importance of epistasis in the 
expression of several agronomic traits has been reported in a number of instances. Very 
few analysis however, provide a valid test for determining the presence or absence of 
epistasis. The triple test cross (TTC) analysis, in addition to the estimates of additive and 
dominance variances, provides a valid test about the presence or absence of epistasis in 
the inheritance of traits under consideration. 
Combining ability analysis enables the researchers to better estimate the general 
and specific trend of various genotypes to combine with each other producing, whether or 
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not, the desirable results (Zhang et al., 1994; Braden et al., 2003). Estimation of specific 
combining ability effects and heterotic manifestation makes the choice of parents easier 
for plant breeders aiming at hybrid development to get fruitful results. The line × tester 
analysis is a good tool to estimate the combining ability effects of parents and crosses. 
Another beauty of this mating system is the lack of assumptions for the analysis except 
that the lines and testers should possess diverse genetic characteristics under 
consideration. Therefore, the second objective of this study was to estimate the general 
and specific combining ability effects and whether the most basic yield determinants 
related to boll can potentially be improved by heterosis breeding. 
Varietal characteristics in crop plants are often correlated (Azhar et al., 2004). 
Understanding the type and strength of association among various characteristics helps 
the plant breeder to select appropriate breeding procedures for developing adapted 
genotypes. Thus, an understanding of the correlations between relevant characteristics 
determines the limits within which any particular characteristic may be sacrificed in favor 
of other characteristics (Sarwar et al., 1984). As, in cotton, increased seed cotton yield 
and fibre quality is the ultimate objective of any breeding programme, the correlation 
analysis provides information about the direction and extent of association of various 
traits among each other and with the final objective. In addition, on the basis of 
correlation studies, one can choose the alternate selection criteria for the ultimate 
outcome. Therefore, estimation of correlation of within-boll yield components with yield 
of seed cotton and quality of lint was put as the third and last objective of present study. 
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Chapter 2 
REVIEW OF LITERATURE 
Review of earlier studies about the concerned issue enables a researcher to 
develop a general idea about the behavior of those particular treatments. Similarities with 
and differences from the earlier reports compel the scientist to find out the reasons and 
give justifications for those agreements and contradictions. A brief review of the 
documentation about various aspects of this study is given for general information. 
2.1 Genetic basis of yield and quality attributes 
A plenty of reports on the genetic mechanism controlling the expression of 
various traits in cotton are available. Khan et al. (1980) revealed that number of bolls per 
plant and seed cotton yield were under the control of additive genetic variance with 
involvement of substantial amount of epistasis. Non-additive inheritance pattern of genes 
controlling the expression of bolls per plant and seed cotton yield was reported by Sarsar 
et al. (1986). Khan et al. (1991) advocated the additive gene action as the sole factor 
responsible for boll number, lint index and seed cotton yield. Boll weight and lint 
percentage was chiefly controlled by additive type of gene action (Yuan et al., 2001). Ali 
et al. (2011) revealed that plant height, monopodial and sympodial branches, boll number 
and boll size represented over-dominance type of gene action in their inheritance. 
Bolls per plant, seeds per boll, seed index, seed cotton yield, lint yield, lint 
percentage and lint index were under additive genetic control (Tomar and Singh, 1992). 
While role of genes exhibiting over-dominance inheritance for number of bolls per plant, 
boll weight, lint percentage and seed cotton yield was studied by Irshad-ul-Haq and Khan 
(1993). Aguiar et al. (2007) reported that additive gene action prevailed for most of the 
agronomic and fibre traits like seed cotton yield, lint yield, seed index, lint percentage, 
micronaire, fibre strength, fibre length and uniformity index. The data recorded by 
Pushpam and Raveendran (2005) indicated the preponderance of non-additive genetic 
effects for fibre length, fibre uniformity, micronaire, fibre elongation and fibre bundle 
strength. 
While studying combining ability in some dwarf genotypes of G. hirsutum, 
Bhatade et al. (1994) found that both additive and non-additive genetic variances were 
important in determining thee seed cotton yield and fibre quality attributes.  Both additive 
and dominance genetic effects were important for the inheritance of various traits like  
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bolls per plant, seed cotton yield, lint percentage, fibre length, strength, fineness and 
maturity however the general combining ability (GCA) variances were higher than those 
of specific combining ability (SCA) variances indicating the pre-dominance of additive 
effect for all the traits (Ashraf and Ahmad, 2000). Subhan et al. (2003) observed higher 
magnitude of SCA variances than GCA variances for number of bolls per plant, yield of 
seed cotton per plant and boll weight indicating the importance of dominance variance 
for these traits, whilst for lint percentage GCA variance was much higher in magnitude 
than SCA variance for which recurrent selection may be rewarding. 
The significance of GCA and SCA variances was evident from mean squares 
indicating that additive as well as non-additive genes were prevailing in the inheritance of 
traits like number of bolls, boll weight, seed index, lint percentage and seed cotton yield 
(Panhwar et al. 2008). Additive gene action with partial dominance for number of bolls, 
boll weight, ginning percentage and yield of seed cotton, whereas over  dominant 
behavior of genes was  noted  for  number  of  seeds  per boll,  seed  and lint index, staple 
length and fibre fineness (Sarwar et al., 2011). In a similar study by Khan et al. (1999) 
revealed that additive effects of genes were responsible for the inheritance pattern of 
number of bolls per plant and boll weight with partial dominance while over-dominance 
type of gene action was involved in the expression of seed cotton yield. Epistatic effects 
were found to be non-significant for these traits. Shah et al. (1993) revealed that number 
of bolls per plant and fibre length was predominately under the control of additive gene 
action while over-dominance type of gene action was noted for boll weight and lint 
percentage. 
Additive gene action with partial dominance for most of the yield and quality 
parameters was studied by Hussain et al. (2013). Raza et al. (2013) reported that boll 
weight, seed cotton yield, lint percentage, fibre length, fibre strength and fibre fineness 
were predominately controlled by additive type of gene action which was also confirmed 
by partial degree of dominance while over-dominance effects mainly contributed for 
number of bolls per plant. Channa et al. (2006) reported that both additively and non-
additively components were important for boll weight, seed cotton and lint yield per 
plant. Khan and Qasim (2012) revealed that genetic analysis of the data indicated additive 
gene action with incomplete dominance in the inheritance of number  of bolls per plant, 
boll weight and seed cotton yield while there were no evidences of inter-genic 
interaction. 
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Importance of both additive and non-additive genetic variances for the expression 
of biomass recovery, water use efficiency, total leaf area, transpiration rate and yield per 
plant was emphasized by Singh and Singh (2001). Christopher et al. (2003) reported 
approximately equal importance of additive and dominance genetic effects for the traits 
like lint yield, boll weight and fibre elongation. However, lint percentage and fibre 
strength exhibited primarily additive genetic effects while fibre length and fibre fineness 
exhibited primarily dominance genetic effects Equal importance of both additive and 
dominance genetic effects for lint yield, boll size and fibre elongation was also suggested 
by Cheatham et al. (2003). Patel et al. (2007) revealed that the non-additive genetic 
effects were predominant for seed cotton yield and uniformity ratio due to higher strength 
of SCA variance as compared to GCA, whereas additive type of gene action was 
predominant for some other traits. Pole et al. (2007) revealed that dominant component 
of genetic variation was more prevalent than additive component for seed cotton yield per 
plant, lint yield per plant, number of bolls per plant, boll weight, lint percentage and fibre 
length while seed index was additively controlled. 
Over-dominance type of genetic behavior was displayed by lint percentage and 
fibre length (Khan et al., 1980). Dominant genes were in excess than recessive genes in 
the parental genotypes for all the characters except for fibre fineness whereas additive 
gene action was found to be predominant regarding fibre length, fibre fineness and fibre 
elongation (Ali et al., 2008). Ali et al. (2008) reported higher values of dominance 
variance than additive variance for fibre strength and fibre uniformity and emphasized on 
the role of dominant genetic effects in the inheritance of these characters. The relative 
importance of non-additive genetic effects was further confirmed by the degree of 
dominance which was greater than unity.  
An additive-dominance model was fitted to describe the inheritance pattern of 
genes responsible for number of seeds per boll and 100-seed weight in F1 generation, 
components of variance and the degree of dominance indicated additive type of gene 
action for almost all the traits except number of seeds per boll which showed dominance 
type of gene action (Khan et al., 2007). For various agronomic characters like plant 
height, number of bolls per plant, boll weight and yield of the seed cotton per plant, 
additive type of gene action with incomplete dominance was reported by Carvalho et al. 
(1995), Gururajan and Henry (1995), Khan et al. (1995), Murtaza et al. (1995), Soomro 
et al. (1995), Tariq et al. (1995), Goudar et al. (1996) and Saeed et al. (1996), while 
Amin et al. (1997) observed over-dominance type of gene action for these traits. General 
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combining ability (GCA) variances were lower than specific combining ability (SCA) 
variances for most of the yield and fibre quality characters suggesting that inheritance of 
these characters was governed mainly by non-additive gene effects (Simon et al., 2013).  
General combining ability (GCA) variance for number of bolls per plant, boll 
size, ginning percentage, 100-seed weight and lint index were higher in magnitude than 
SCA variance indicating non-additive inheritance pattern of genes controlling the traits 
(Lu and Myers, 2011). Additive genetic effects for boll number, boll size, seed cotton 
yield and 100-seed weight with partial dominance, while significant amount of epistasis 
was found to be involved in expression of all the traits except boll weight (Ahmad et al., 
1997). On the other hand, Murtaza (2005) showed that number of bolls per plant and boll 
weight was representing non-additive with over-dominance type of genetic effects, 
whereas additive genetic effects with incomplete dominance were operative in the 
inheritance of seed index. In another study by Murtaza (2006) revealed that number of 
bolls and boll weight showed over-dominance due to the higher magnitude of non-
additive variance while for seed index additive variance was of higher strength which 
resulted in partial type of dominance.  
Additive, dominance and epistatic genetic effects were involved in the inheritance 
of the traits like number of bolls per plant, boll weight, lint percentage and seed cotton 
yield (Sarwar et al., 2012). El-Hashash (2013) reported lower additive genetic variances 
than dominance genetic variances for seed cotton yield per plant, lint cotton yield per 
plant and seed index, whereas additive × additive and additive × dominance genetic 
variances were found to be the highest among all the types of epistatic genetic variances 
in double-cross hybrids for all studied traits. Plant height, sympodial branches per plant, 
fibre length and fibre strength were under the predominant control of additive component 
of genetic variation, while for number of bolls, lint percentage and seed cotton yield 
dominance variance was more important (Ali et al., 2009). Neelima and Reddy (2008) 
reported that both additive and non-additive genetic effects were important for the 
inheritance of number of bolls per plant, 100-seed weight and seed cotton yield. 
Another similar study was reported by Khan et al. (2009) who determined higher 
SCA genetic variances than GCA for number of bolls, boll weight and seed cotton yield 
per plant showing the predominance of non-additive gene action. Lint percentage in both 
generations and boll weight in F2’s only presented maximum GCA variances pointing 
towards the preponderant role of additive genetic effects in their inheritance (Khan et al., 
2009). Importance of both additive and non-additive gene action in controlling all fibre 
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quality traits was advocated by Bbebe et al. (2010). Khan and Hassan (2011) reported 
that lint percentage was additively controlled while plant height was non-additively 
controlled. 
Ratio between general and specific combining ability effects for lint index, seed 
index, fibre length uniformity and fibre bundle strength were higher than unity suggesting 
the relative importance of additive genetic effects for these traits while fibre length was 
non-additively controlled (Zangi et al., 2009). Shaukat et al. (2013) revealed that fibre 
length, strength and fineness showed relatively higher proportion of additive type of gene 
action in first generation hybrid population because of greater GCA than SCA variances. 
In contrast, lint percentage, fibre elongation and seed cotton yield presented higher SCA 
variances than GCA ones, pointing towards the involvement of non-additive effects of 
the genes controlling the traits. Cheatham et al. (2003) reportd that lint percentage and 
fibre strength exhibited primarily additive genetic effects.  
 Preponderant role of non-additive genetic components in the inheritance of fibre 
strength and fibre length uniformity was also shown by Ali et al. (2008). The graphical 
representation of their data showed that fibre length, fibre elongation and fibre fineness 
were mainly controlled by additive gene action, whereas fibre strength and fibre 
uniformity were controlled by over-dominance effects. Neelima and Reddy (2008) 
observed that lint percentage, 2.5% span length, fibre fineness, fibre maturity and fibre 
strength was under the control of genes behaving non-additively. Aguado et al. (2010) 
advocated the presence of both additive and dominance genetic variances in all the fibre 
quality traits, however additive variance played the preponderant role in the inheritance 
of fibre uniformity, strength, elongation and micronaire. Khan et al. (2009) determined 
non-additive genetic variance for number of bolls, boll size and seed cotton yield per 
plant based on greater SCA variances than GCA, while lint percentage was additively 
controlled. 
The manifestation of variation in seed cotton yield and its components had been 
reported under both additive and non-additive genetic effects (Azhar and Rana, 1993). 
Higher values of specific combining ability variances for number of bolls per plant, seed 
cotton yield and boll size than general combining ability variances revealed action of the 
genes non-additive for these characters (Desai et al., 1980; Walida et al., 1980; Duhoon 
and Singh, 1983; Azhar et al., 1983). In contrast Azhar and Akbar (1992) noted that 
variation in number of bolls per plant and seed cotton yield was conditioned by the genes 
showing additive effects. Seed index and lint index were shown to be under additive 
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genetic control (Ghafoor and Khan,1987), however the data reported by Walida et al. 
(1980), Duhoon and Singh (1983) and Azhar and Akbar (1992) revealed that both 
additive and non-additive genetic effects were equally important for the manifestation of 
seed index and lint index.  
Lint yield and fibre properties like fibre length and micronaire were governed by 
additive gene action while lint percentage was predominantly controlled by dominance 
variance (Channa et al., 2013). Additive genetic variance was playing major role in the 
inheritance of boll weight, seed cotton yield per plant and lint index. In addition to 
dominance, additive × additive and dominance × dominance epistasis was also involved 
in expression of traits like boll size, seed cotton yield per plant, lint index, lint 
percentage, fibre strength, fineness and uniformity (Kannan et al., 2013). All the yield 
and fibre quality attributes except seed cotton yield per plant and fibre strength were 
predominantly controlled by additive gene action whereas non-additive gene action was 
controlling the expression of these exceptional traits (Kumar et al., 2014). 
The significance of GCA and SCA variances indicated the involvement of both 
additively and non-additively inherited genes were controlling the traits, yet genes 
possessing additive effects were pre-dominant because variances due to GCA were, by 
and large, higher than due to SCA (Baloch et al., 2010). The values of GCA variances 
were higher than SCA variances in all cases, suggesting that genes with additive effects 
were more important than those with non-additive effects in the inheritance of the traits 
(Desalegn, 2004). Samreen et al. (2008) reported that the variances due to GCA were 
higher than variances due to SCA indicating preponderance of additive genes controlling 
the expression of traits like boll number per plant, boll size, seed cotton yield per plant, 
seed index and lint percentage. Higher variances due to GCA for boll weight and lint 
percentage as compared with SCA were estimated by Islam et al. (2001) which indicated 
additive type of gene action playing major role in the expression of these traits, whilst 
higher SCA variance than GCA for yield of seed cotton, staple length and boll number 
per plant showed predominance of non-additive type of gene action. 
Values for general combining ability variance (GCV) were relatively higher for 
plant height, number of sympodia per plant, lint and seed cotton yield suggesting the 
additive pattern of inheritance of genes for these traits (Joshi et al., 2006). Munawar and 
Malik (2013) estimated significant mean squares due to GCA and SCA for most of the 
seed cotton yield and lint quality attributes except number of seeds per boll for which 
non-significant GCA variance was observed. However additive genetic effects were 
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relatively more operative in the inheritance of traits like 100-seed weight, fibre mass per 
seed, seed volume and oil content in cotton seed, while rest of the traits were non-
additively inherited.  
The significance of GCA and SCA variances was evident from mean squares of 
all the yield and quality parameters under study, indicating that additive as well as non-
additive genes controlled the traits (Pareetha and Raveendren, 2008). Pole et al. (2008) 
revealed that both additive and non-additive genetic effects were important in controlling 
the expression of seed cotton yield and its component traits. However, the non-additive 
gene action was predominant. Mehetre et al. (2003) studied that magnitude of dominance 
effect was higher for almost all the characters except micronaire value. Epistatic 
components i.e. additive × additive and dominance × dominance were involved in the 
expression of most of the characters. Khan et al. (2009) revealed partial additive gene 
action for yield and quality components in F1 generation which was also confirmed by the 
degree of dominance. Dominance components were also significant for all the traits in 
F1’s except the fibre fineness. Ali et al. (2010) showed that additive gene action with 
partial dominance played the principal role in the inheritance of lint yield and fibre 
quality traits. Swami et al. (2013) revealed that the significance of GCA and SCA 
variances indicated the predominance of additive as well as dominant genetic effects in 
the inheritance of seed cotton yield and its attributes.  
2.2 Combining ability and Heterosis 
Higher general and specific combining ability effects were studied for seed cotton 
yield, number of bolls, lint percentage and fibre length in some genotypes of upland 
cotton (Khan et al., 1980). Meredith and Brown (1998) detected significant heterosis for 
seed cotton yield, boll weight, lint percentage and fibre length. Wu et al. (2004) studied 
low level mid parent heterosis for bolls per unit land area, weight per boll, lint percentage 
and fibre quality traits in F1 and F2 generation. Christopher et al. (2003) estimated 
significant heterosis and heterobeltiosis for lint yield, boll weight and fibre length in F2 
hybrids. 
General combining ability (GCA) effects for 2.5% span length, 50% span length, 
fibre bundle strength and micronaire were more important than specific combining ability 
(SCA) effects (Tang et al., 1993). They observed that F2 hybrids, in general, exhibited 
non-significant mid parent heterosis for fibre traits. Tomar and Singh (1992) studied good 
general combining ability effects for number of bolls, seed cotton, seed and lint yield per 
plant, lint percentage, halo length, seed and lint indices, while SCA effects were found to 
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be non-significant. Sarsar et al. (1986) reported low to medium heterosis for halo length, 
ginning outturn and lint index, a range of heterobeltiosis expressed by different crosses 
for yield was from −50.86% to 112.12% which resulted substantial contribution of 
increased number of bolls towards expression of heterosis. Shah et al. (1993) studied 
good general combining ability (GCA) effects for number of bolls, seed cotton yield and 
lint percentage. While specific combining ability effects for boll weight, fibre length, and 
ginning out turn were also good. Yuan et al. (2001) reported mid parent heterosis for lint 
percentage and boll weight however, boll weight showed non-significant heterobeltiosis 
while the lint percentage expressed significant negative better parent heterosis value. F2 
hybrids having higher lint yield, heavier bolls and longer fibres than parents was reported 
by Cheatham et al. (2003).  
Highly significant general combining ability effects for number of bolls, boll 
weight, seed cotton yield, seed index, lint index and staple length and specific combining 
ability effects for boll weight and staple length were estimated by Khan et al. (1991). 
Subhan et al. (2003) observed higher specific combining ability effects than general 
combining ability effects for number of bolls per plant, seed cotton yield per plant, boll 
weight and lint percentage. Whilst for lint percentage GCA effects were much higher in 
magnitude than SCA. Patel et al. (2007) revealed higher SCA effects for seed cotton 
yield and uniformity ratio than GCA effects and vice versa for seed cotton yield, lint 
percentage, fibre length, fibre bundle strength, fibre elongation and micronaire value. 
Campbell et al. (2008) determined significant differences in heterosis values for boll 
weight, ginning percentage and seed cotton and lint yield between the modern and 
obsolete cultivar of Gossypium hirsutum. No significant heterotic effects were detected 
for Fibre quality parameters. The obsolete cultivars showed relatively higher average 
heterosis for lint yield values (34%) as compared with the modern cultivars (23%). For 
number of bolls per unit land area, both the cultivar groups presented significant, but 
similar heterosis values. 
Higher SCA variances than GCA for number of bolls, boll size and per plant yield 
of seed cotton were determined by Khan et al. (2009). They concluded that the genotype 
CIM-1100 proved to be the best general combiner as it produced desirable hybrids when 
mated to other genotypes. In F1 hybrids, the highest heterosis for seed cotton yield was 
observed followed by number of bolls, boll size and lint percentage. Increase in number 
of bolls per plant, boll size, lint percentage and yield of seed cotton over the better parent 
was also observed. Samreen et al. (2008) studied general and specific combining abilities 
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in cotton in line × tester mating design.  The results revealed that the GCA variances due 
to lines and testers and SCA variances due to lines × testers interaction were significant 
for all the characters. However the higher magnitude of GCA than SCA for lines and 
testers indicated the dominance of additive genes in the expression of traits under study. 
The magnitude of GCA was higher than SCA in all cases while 66.4 % and 46.3 
% heterosis for lint yield and seed cotton yield respectively was estimated (Desalegn, 
2004). Soomro et al. (2008) studied significant general and specific combining ability 
effects and heterosis for number of bolls per plant, boll weight and seed cotton yield per 
plant in some G. hirsutum genotypes. Munawar and Malik (2013) estimated significant 
GCA and SCA mean squares for all the seed cotton yield and fibre quality traits except 
seed number per boll which displayed non-significant GCA effects. Nidagundi et al. 
(2012) determined heterobeltiosis for seed cotton yield ranging from -9.65% to 37.43%. 
High heterosis was also recorded for lint yield, number of bolls per plant and sympodia 
per plant while very low heterobeltiosis was observed for lint percentage and seed index. 
GCA to SCA ratio for seed index, lint index, fibre length uniformity and fibre 
bundle strength were higher than unity pointing towards the operation of additive gene 
action in the inheritance of most of the studied characteristics except for fibre length. 
Significant and positive heterosis for lint index and micronaire was observed in inter-
varietal crosses. Negative heterosis values were also obtained in interspecific crosses for 
lint index and fibre fitness. Heterosis values were positive in all of combinations for fibre 
length and strength (Zangi et al., 2009). Iqbal and Nadeem (2003) determined significant 
amount of mid and better parent heterosis in desired direction for yield and quality 
attributes except seed cotton yield. Patel et al. (1997) described that some of the crosses 
exhibited higher SCA effects, not necessarily involving the parents with good general 
combining ability effects. They observed crosses with good SCA effects involving good 
× good, good × poor and even poor × poor general combiners for the concerned traits. 
From these results they concluded that the crosses with high SCA effects did not always 
involve high GCA parents. Khan et al. (2009) determined high useful heterosis for seed 
cotton yield, number of bolls and boll size while heterobeltiosis was observed for boll 
weight, number of bolls and yield of seed cotton. 
2.3 Correlation 
Simultaneous improvements in yield and fibre quality traits were yet not possible 
due to negative correlation between these two attributes (Yuan et al., 2001). However, 
Tyagi (1987) estimated positive correlation between yield and halo length. Significantly 
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positive correlation between indirect fruiting branches and seed cotton yield. Number of 
bolls and boll size exhibited a highly significant positive correlation with seed cotton 
yield per plant (Salahuddin et al., 2010). They also observed that plant height and direct 
fruiting branches showed non-significant association with the yield. Alkuddsi et al. 
(2013) studied that number of bolls per plant, average boll weight and lint percentage 
showed positive correlation with seed cotton yield while significant negative correlation 
was observed for 100 seed weight.  
Fibre strength showed positively correlation with fibre length but negative 
correlation with short fibre content (Ulloa, 2006). Zeng and Meredith (2009) reported that 
lint yield displayed negative correlation with fibre quality while lint mass per seed 
showed a favorable association with ginning out turn, fibre length, elongation and 
fineness. Aguado et al. (2010) found that fibre elongation was the trait most correlated 
with seed cotton yield. Azhar et al. (2004) noted that seed cotton yield displayed 
significant and positive association with fibre fineness and fibre strength but negative 
with fibre length. The relationship between fibre fineness and fibre length was found to 
be negative. Boll number, boll size, height of main stem and 100-seed weight displayed 
significant positive correlation with seed cotton yield (Al-Bayaty, 2005). 
The results of correlation analysis by Desalegn et al. (2009) showed that seed 
cotton yield displayed highly significant and positive correlation with boll weight, lint 
yield and lint index. The lint yield was highly correlated to lint percentage and the 
number of seeds per boll. The results illustrated that a high lint percentage, more bolls per 
plant and a small seed size were positively correlated to high cotton lint yield. Fibre 
strength was highly correlated to all fibre quality parameters and positive correlations 
were found between staple length and fibre strength. A positive correlation was also 
found between the fineness and the uniformity ratio. However, they observed negative 
correlation between fibre length and fineness. Negative correlation coefficients of lint 
percentage and lint yield with fibre strength were quite high but they had a positive 
correlation with the fibre-fineness.  
Significant positive correlation existed between span length and bundle strength, 
uniformity ratio and fineness (Dinakaran et al., 2012). Farooq et al. (2013) found that 
seed cotton yield had only positive association with number of bolls per plant. Number of 
bolls per plant, seeds  per  boll, plant  height,  first  internode  length,  boll  weight  
exhibited positive correlation with  seed  cotton  yield (Ahamd et al., 2008). Joshi et al. 
(2006) revealed that plant height and lint yield exhibited significant and positive 
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correlation with seed cotton yield. Munawar and Malik (2013) estimated positive 
correlation between cotton seed oil content and seed index. Seed volume contributed 
towards oil content through seed index.  
Sympodial branches, bolls per plant, boll weight, ginning out turn percentage and 
lint index were found to be positively correlated with yield per plant (Salahuddin et al., 
2010). Naveed et al. (2004) determined positive association of plant height and number 
of bolls per plant with yield of seed cotton. Plant height and number of bolls were also 
positively and significantly correlated. Chattha et al. (2013) estimated positive 
relationship of seed cotton yield with height of main stem, sympodial branches, 
monopodial branches, number of bolls per plant, ginning out turn and fibre length while 
negative association with micronaire and fibre strength. Bolls per plant displayed a 
positive association with fibre bundle strength. Fibre fineness showed positive relation 
with fibre strength in some crosses while negative in others. Lint percentage and fibre 
length were positively correlated. Salahuddin et al. (2010) revealed that bolls per plant, 
weight per boll, ginning out turn and lint index exhibited strong positive association with 
seed cotton yield.  
2.4 Within-boll yield components 
Number of bolls on unit land area played primary, lint mass produced by 
individual seed as secondary and number of seeds per boll as tertiary roll in total 
contribution to lint yield (Worley et al., 1974). They concluded that selection should be 
based on the above mentioned three parameters for improvement in yield. Culp and 
Harrell (1975) reported side by side improvement in lint yield and fibre strength while 
working with breeding lines and check cultivars of cotton. They reported that increase in 
lint yield resulted by increasing number of seeds per boll, which increased the seed 
surface area for greater lint production. Amount of lint per seed improved slightly as lint 
percentages were improved. Number of bolls on unit land area had been the major 
component contributing to lint yield. Except for the rapid increase in lint yield from the 
higher level of lint percentage and larger bolls and seeds, increases in lint yield was found 
parallel with increase in number of bolls per m2. 
The potential for the joint improvement in seed cotton yield and fibre quality 
traits, especially fibre strength was determined by Green and Culp (1990). Significant 
general combining ability (GCA) was detected for fibre length, uniformity, strength, yield 
and lint percentage which suggested early generation selection to improve these traits. 
Some evidence of non-additive genetic effects was also found for some of the fibre traits. 
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No single parent exhibited high GCA effects for yield and all fibre traits. They concluded 
that simultaneous improvement in multiple fibre traits and yield probably would require 
inter crossing of several genotypes. Coyle and Smith (1997) revealed good (GCA) effects 
for upper half mean length, micronaire value, maturity and strength of fibre while 
negative GCA variances were observed for the most basic boll related yield components 
in the same genetic material. They suggested recurrent selection procedure for the joint 
improvement in fibre quality and basic boll related yield contributing traits.  
Smith and Coyle (1997) determined the association among fibre quality traits and 
boll related yield contributing traits in six diverse cotton genotypes. Negative correlation 
of fibre length and strength with seed surface area, number of spinnable fibres per unit 
seed surface area, number of seeds per boll, lint percentage and other boll related traits 
was estimated. Basal and Turgut (2005) used six different cotton genotypes in a half 
diallel and revealed that the number of bolls per plant, seed cotton yield and lint 
percentage exhibited additive and dominance genetic effects but primarily dominance 
genetic effects. Fibre strength showed equal additive and dominance genetic effects and 
seed cotton yield per boll exhibited primarily additive genetic effect. Fibre strength, seed 
cotton mass per boll and ginning out turn showed highest heritability estimates. The 
number of bolls per plant and seed cotton yield showed moderate heritability estimates. 
Plant density modifications might have strong influence on within-boll yield 
components. Plant density exhibited direct relation with total seed surface area per unit of 
land area but inverse relation with lint mass per boll, individual seed mass and seed 
number per boll. While it showed no consistent relation with lint mass per unit seed 
surface area and number of fibres per seed (Bednarz et al., 2006). They concluded that 
plant density modifications might influence total seed surface area but it appeared that 
most boll related yield components appeared to be inherited. Bednarz et al. (2007) while 
working with nine commercially available cotton cultivars determined within-boll lint 
and seed parameters and fibre quality characters. They observed that the genotypes which 
had less seed size, produced more seed surface area but low lint mass and fibre number 
and vice versa. They concluded that seed size was the determinant of lint weight and 
number of fibres on unit seed surface area. 
Higher estimates of SCA than GCA depicted the predominance of non-additive 
gene action for all traits except for fibre length, fibre strength and number of seeds per 
boll, which were additively controlled (Basal et al., 2009). Fibre length, Uniformity and 
strength were found to exhibit negative correlation with the basic within-boll lint yield 
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components, lint mass per seed and spinnable fibres per seed. Imran et al. (2012) 
revealed that number of bolls per plant, number of seeds per boll, boll weight, seed 
density, lint mass per seed, ginning out turn percentage (GOT%) and seed cotton yield 
exhibited non-additive gene action owing to high SCA variances. The highest GCA 
variance was determined for seed volume depicting additive gene action for this trait. 
Significant positive correlation of seed cotton yield was estimated with number of bolls 
per plant, number of seeds per boll and boll size while negative association with lint mass 
per seed and GOT% was observed. Positive association of seeds per boll with boll size 
but negative with bolls per plant, lint mass per seed and GOT% was observed.  
Genetic effects and heterosis for within-boll yield components were estimated by 
Tang and Xiao (2013). Both additive and dominance effects were found to be significant 
for all traits except seed mass per seed for which only dominant component was 
significant. Lint mass per seed, seed mass per seed and boll bur weight were primarily 
controlled by additive type of gene action. Lint mass per boll and number of seeds per 
boll exhibited dominance genetic effects. Favorable genotypic and phenotypic 
correlations were identified between within-boll lint yield and seed yield components. 
The results revealed that seed cotton yield showed positive correlation with plant height, 
number of bolls and sympodia per plant (Farooq et al., 2013). 
 
 
 
 
 
 
 
 
 
 
 
 
 
29 
 
Chapter 3 
MATERIALS AND METHODS 
3.1 Experimental site 
 The research experiments were carried out at research area of the Department of 
Plant Breeding and Genetics, University of Agriculture, Faisalabad Pakistan in the 
normal cotton growing seasons from 2008 to 2010. Faisalabad, a district in the Punjab 
province (Pakistan) lies between longitude 73° East, latitude 30.4° North, with an 
elevation of 184 meters (604 ft) above sea level. 
3.2 Development of genetic material 
Four cotton varieties/genotypes namely NIAB-999, NIAB-228, BH-89 and BH-
160 were selected on the basis of their contrasting characters regarding lint yield and 
fibre quality from the germplasm maintained and grown in the research area of the 
Department of Plant Breeding and Genetics in May, 2008. The parental lines originated 
from different research institutes exhibiting diverse genetic background and behavior. 
Some of the important characteristics of these varieties/lines are as under; 
NIAB-999 evolved from Nuclear Institute for Agriculture and Biology (NIAB) 
Faisalabad by irradiated seed of H 1 × LRA 5166. Some salient features of the variety 
include tolerance to cotton leaf curl disease (CLCuD), possessing yield potential of 3000-
3200 kg/ha; number of bolls 25-30; boll size medium (3.4g); GOT 38.5%; fibre length 
28.7mm; micronaire 4.5µg/inch and fibre strength of 29.2g/tex. 
BH-89 a strain evolved from Cotton Research Station, Bahawalpur by pedigree method 
of selection from population derived from the cross MNH-79 × ENT-2. Salient features 
include tolerance to CLCuD; yield potential of 2500 - 3000 kg/ha; number of bolls 20-25; 
small to medium boll size (2.9g); GOT 32.5%; fibre length 26.5mm; micronaire 
5.0µg/inch and fibre strength of 27g/tex. 
NIAB-228 an unapproved line evolved from Nuclear Institute for Agriculture and 
Biology (NIAB) Faisalabad. Salient features of the line include tolerance to CLCuD; 
yield potential 2000-2200 kg/ha; number of bolls 18-24; small to medium boll size (3g); 
GOT 34.5%; fibre length 27mm; micronaire 5.1µg/inch and fibre strength 27.3g/tex. 
BH-160 evolved from Cotton Research Station, Bahawalpur by pedigree method of 
selection from the population derived by the cross CEDIX FDW 946 × 673/93. Salient 
features include tolerance to CLCuD; possessing the yield potential of 2700-3000 kg/ha, 
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number of bolls 20-25; boll size medium to large (4.2g); GOT 39.0%; fibre length 
29.5mm; micronaire 4.2µg/inch and fibre strength 29.0tppsi. 
When the genotypes reached at flowering stage, they were crossed in order to 
develop two crosses i.e. cross I; NIAB-999 × BH-89 and cross II; NIAB-228 × BH-160. 
For crossing, unopened flowers, known as buds, were selected in the evening for 
emasculation. The corolla of the selected buds was cut by giving a circumcision around 
the floral bud near the base. The stamens were removed gently with the help of forceps 
and stigma was covered with soda straw tubes plugged with cotton lint from upper 
opened end. Flowers to be used as male parents were also covered with glassine bags in 
the evening. In the following morning, the emasculated flowers were pollinated by 
transferring pollen grains from the desired male parent and recovered by the respective 
soda straw tubes. Intensive crossing attempts were made to develop a reasonable quantity 
of F0 seed. Some of the buds were also covered with glassine bags to produce selfed seed. 
At maturity the selfed and crossed bolls were picked and ginned and seed was stored in 
small paper bags. 
In the preceding crop season, on May 26, 2009, the F0 seed were grown in the 
field along with parents and 10 other genetically diverse cotton genotypes (which will be 
referred as lines hereafter in TTC analysis and testers in line × tester analysis) from 
distinct research institutes of Punjab province. The salient characteristics of these 
genotypes are given as under; 
CIM-70 evolved from Central Cotton Research Institute, Multan by pedigree method of 
selection from the population derived by the cross Coker 8314 × 307/70. Salient features 
include tolerance to CLCuD; possessing the yield potential of 2700-3000kg/ha; number 
of bolls 20-25; boll size medium to large (4.0g); GOT 32.0%; fibre length 28.6mm; 
micronaire 4.2µg/inch and fibre strength 29.5g/tex. 
Russian an exotic genotype. Salient features include tolerance to CLCuD; insect resistant 
due red colour of stem, branches and leaves, number of bolls 12-15; boll size small 
(2.5g); GOT 29.0%; fibre length 24.5mm; micronaire 5.1µg/inch and fibre strength 
28.1g/tex. 
CIM-496 evolved from Central Cotton Research Institute, Multan by pedigree method of 
selection from the population derived by the cross CIM-425 × 755-6/93. Salient features 
include tolerance to CLCuD; possessing the yield potential of 2800-3100kg/ha, number 
of bolls 20-25; boll size medium to large (4.1g); GOT 41.0%; fibre length 29.7mm; 
micronaire 4.6µg/inch and fibre strength 28.9g/tex. 
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CIM-1100 evolved from Central Cotton Research Institute, Multan by pedigree method 
of selection from the population derived by the cross 492/87 × CP 15/2. Salient features 
include tolerance to CLCuD; possessing the yield potential of 2700-3200 kg/ha, number 
of bolls 20-25; boll size medium to large (4.0g); GOT 38.0%; fibre length 29.0mm; 
micronaire 4.0µg/inch and fibre strength 29.5g/tex. 
Reshmi-90 evolved from Cotton Research Station Tandojam by pedigree method of 
selection from the population derived by the cross Coker 100 A × H-61-29. A semi okra 
leaf variety possessing the yield potential of 2700-3000 kg/ha, number of bolls 17-22; 
boll size medium to large (3.8g); GOT 35.0%; fibre length 29.5mm; micronaire 
4.3µg/inch and fibre strength 27.8g/tex. 
FH-634 evolved from Cotton Research Institute, Faisalabad by pedigree method of 
selection from the population derived by the cross CEDIX × B 557. Salient features 
include tolerance to CLCuD; possessing the yield potential of 2500-2800 kg/ha, number 
of bolls 20-25; boll size medium to large (4.2g); GOT 36.3%; fibre length 28.5mm; 
micronaire 4.1µg/inch and fibre strength 29.5g/tex. 
S-12 evolved from Cotton Research Station, Multan by pedigree method of selection 
from the population derived by the cross MNH 93 × 7203-14-4-Arizona. Salient features 
include tolerance to CLCuD; possessing the yield potential of 3900 kg/ha, number of 
bolls 20-25; large boll size (4.4g); GOT 39.3%; fibre length 28.0mm; micronaire 
4.6µg/inch and fibre strength 30.0g/tex. 
NIAB-78 evolved from Nuclear Institute for Agriculture and Biology (NIAB) Faisalabad 
by irradiation of seed developed by the cross DPL 16 × AC 134. Salient features include 
tolerance to CLCuD; possessing the yield potential of 3500 kg/ha, number of bolls 20-25; 
boll size medium to large (4.1g); GOT 37.0%; fibre length 27.5mm; micronaire 
4.6µg/inch and fibre strength 28.7g/tex. 
CIM-240 evolved from Central Cotton Research Institute, Multan by pedigree method of 
selection from the population derived by the cross CIM-70 × W-1106. Salient features 
include tolerance to CLCuD; possessing the yield potential of 3000 kg/ha, number of 
bolls 20-25; boll size medium to large (4.3g); GOT 36.5%; fibre length 27.8mm; 
micronaire 4.7µg/inch and fibre strength 29.3g/tex. 
VH-144 evolved from Cotton Research Station, Vehari by pedigree method of selection 
from the population derived by the cross KIVI 1021 × S-12. Salient features include 
tolerance to CLCuD; possessing the yield potential of 2700-3000 kg/ha, number of bolls 
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20-25; boll size medium to large (4.2g); GOT 39.0%; fibre length 28mm; micronaire 
4.2µg/inch and fibre strength 28.6g/tex. 
At flowering, these genotypes (lines) were crossed to the F1 and both the parents 
considering as females (testers) in both the crosses I and II in modified Triple Test Cross 
(TTC) fashion as suggested by Ketata (1976). For crossing, the same procedure was 
followed as described earlier in this chapter. Intensive crossing attempts were made to 
develop enough seed for TTC progeny to grow in triplicate. In this way 20 single crosses 
and 10 three way crosses were thus produced in each original cross. Some of the buds 
were also covered with glassine bags to produce selfed seed of male and female parents. 
At maturity the selfed and crossed bolls were picked and ginned to obtain F0 seed of 43 
families in each cross. The resulting TTC progeny was sown on June 12, 2010 in field 
conditions in Randomized Complete Block Design (RCBD) with three replications 
keeping 75cm and 30cm row to row and plant to plant distance, respectively. The 
standard agronomic practices were carried out during the crop period. Plant protection 
measures were taken when required. Five guarded plants from each experimental plot 
were tagged to record the data. Prior to final picking 25 opened bolls were picked from 
each plot (5 bolls from each tagged plant from different positions along the plants) and 
stored in paper bags to take data of fibre quality and within-boll yield components. 
3.3 Data collection 
When the crop reached maturity stage, two pickings were made manually, one on 
November 12, 2010 (about 1/3 bolls were opened and picked), and the second picking 
was done when the crop was fully matured by the end of November, 2010. Picking was 
stated after the dew had evaporated. For recording data on various seed cotton yield 
attributes, fibre quality characters and within-boll yield components, 5 plants were tagged 
in each genotype in each replication. Data on seed cotton yield contributing traits like 
number of boll per plant, average boll weight and seed cotton yield per plant were 
recorded from these tagged plants from each experimental unit. While for taking 
observation on within-boll yield components and fibre quality traits, 5 mature and fully 
opened bolls were taken, at second picking, from each tagged plant of each experimental 
unit. These bolls were picked from different plant positions viz lower, medium and upper 
position. In this way 25 bolls were collected from each entry and kept in separate paper 
bags and marked with the entry name. 
Data recorded for various traits were as under; 
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3.3.1 Number of Bolls per plant 
Total number of bolls picked from tagged plants in first and second picking were 
counted for each sampled plant and were averaged. The number of boll (5) taken for 
within-boll and fibre quality parameters were added. In this way average number of bolls 
per plant for each genotype in each replication were recorded. 
3.3.2 Boll weight 
The average boll weight was calculated by dividing the total seed cotton yield per 
plant by the total number of bolls picked from the same plant. 
Boll weight (BW) =
seed cotton yield per plant
number of boll per plant
 
It was expressed in grams. 
3.3.3 Seed cotton yield per plant 
When the crop was reached full maturity stage, picking of the sampled plants was 
done manually. Picking was stated after the dew had evaporated and dry seed cotton was 
weighed on electric balance and stored in paper bags. The weight of 5 bolls picked for 
within-boll and fibre quality traits was added in each genotype in each replication. The 
mean seed cotton yield per plant for each family was calculated and expressed in grams. 
Within-boll yield components and fibre quality traits 
The 25 bolls picked from tagged plant of each entry were cleaned from pieces of 
dry leaves and other impurities. Total weight of each sample (seed cotton) was recorded 
by electrical balance and ginned at laboratory saw gin. The weight of lint obtained after 
ginning was also recorded. Calculations of various within boll yield components were 
carried out as per ontogenetic yield model of Worley et al. (1976) which was also 
reported in Basal and Smith (1997) as under; 
3.3.4 Lint percentage 
Lint percentage was calculated as 
Lint percentage =  
Lint weight of sample
seed cotton weight of sample
× 100 
3.3.5 Seed index 
100 seeds were picked at random from the seed sample obtained after ginning of 
each seed cotton sample and weighed on electrical balance. The calculation is termed as 
100 seed weight or seed index. 
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3.3.6 Lint Index 
Lint index was calculated as 
Lint index =  
(Seed index) × (Lint percentage)
(100 − Lint percentage)
 
3.3.7 Seed number per boll 
Number of seeds per boll was calculated as 
Number of seeds per boll =  
(Boll weight) × (1 −  Lint percentage/100)
(Seed index/100)
 
3.3.8 Seed mass per boll 
Seed mass per boll was calculated as 
Seed mass per boll =  
(Total seed mass of the sample)
(Number of bolls in the sample)
 
3.3.9 Lint mass per boll 
Lint mass per boll was calculated as 
Lint mass per boll =  
(Total lint mass of the sample)
(Number of bolls in the sample)
 
3.3.10 Lint mass per seed 
Lint mass per seed was calculated as 
Lint mass per seed =  
(Lint mass per boll)
(Number of seeds per boll)
 
3.3.11 Seed volume per 100 seeds 
Seed volume was determined by alcohol displacement method. Alcohol is used 
due to low specific gravity and the seed dries out rapidly. For this purpose 50 ml ethanol 
was taken in a graduated cylinder and a seed sample of 100 seeds was added to it. Total 
volume of ethanol and seeds was read directly from cylinder. Volume of 100 seeds was 
calculated by subtracting the volume of ethanol from total volume and expressed in cm3. 
3.3.12 Seed density 
Seed density was calculated as ratio between seed weight and seed volume and 
expressed as g/cm3. 
3.3.13 Seed surface area 
Seed volume per seed was converted to seed surface area by computing regression 
coefficient of the Hodson (1920) table. 
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3.3.14-16 Fibre length, fibre fineness and fibre strength 
Fibre length, fibre strength and fibre fineness of all the 129 entries of each cross 
were measured using spin lab HVI-9000. It is a computerized “High Volume Instrument” 
which provides a detailed profile of raw fibre. 
3.4 Statistical analysis 
3.4.1 Triple Test Cross analysis 
Most of the genetic models available to the research workers for estimation of 
components of continuous variation assume additivity of genetic effects over loci; 
however this assumption is not valid and true in some populations. The importance of 
epistasis in the expression of several agronomic traits has been reported in a number of 
instances. Very few analysis, however, provide a valid test for determining the presence 
or absence of epistasis. Much of the information on epistasis stems from studies in cross 
pollinated crops, probably because of the major role of epistasis in these crops and the 
possible relationship between hybrid vigor and heterosis. Comstock and Robinson (1952) 
indicated that non allelic interaction might inflate the degree of dominance by 10-25%. 
Gorslin (1961) reported that epistasis was a part of the genetic system controlling grain 
yield and nine other characters in Maize populations. Studies in several other crops 
indicate that epistatic gene action is a non trivial factor in the inheritance of 
agronomically important characters (Ketata et al. 1976). However contrasting results 
have been obtained on several occasions; for example Burton (1968) found that non-
allelic interaction had very little effect on forage yield in pearl millet, and Stubler and 
Moll (1969) noted the contribution of epistasis to total genetic variance in certain 
combinations of Maize lines, which did not reach 10%. Study of the literature shows that 
the genetic models which detect epistatic components in the inheritance of plant 
characters in upland cotton, had not been used frequently and only a few reports are 
available e.g. Kumar and Raveendran (2001). 
A good genetic model, infact, is that which enables the breeders to have précised 
and unbiased estimates of all the components of genetic variance. A design which is a 
simple extension of the design III of Comstock and Robinson (1952) has been proposed 
by Kearsey and Jinks (1968) and later described by Singh and Chaudhary (1985). This 
design known as “Triple Test Cross” provides not only a precise test for epistasis but also 
gives unbiased estimates of additive (D) and dominance (H) components, if epistasis is 
absent. Further, this approach is independent of both the gene frequencies and the mating 
system of the population to be investigated. This technique refers to the crossing of 
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randomly selected F2 plants, as males, with both the parents (L1 and L2) involved in the 
Cross and with their F1 hybrid (L3). Later some modification to this technique had been 
proposed by Ketata (1976) which involves crossing of some other pure lines/varieties 
instead of randomly taken F2 plants. Thus both the models are essentially the same and 
involve same steps for calculations. Therefore modified TTC was used to determine the 
significance of treatments, hybrids, parents, lines, testers, Parents vs F1, P1 vs P2, lines vs 
testers and hybrids vs parents for all the traits. 
3.4.2 Statistical model 
The various phenotypes of TTC technique as suggested by kearsey and Jinks 
(1968) are presented in a model as given below 
Lijk = µ + Gij + R k+ Eijk 
Where, 
Lijk denotes the phenotypic value of cross between tester Li and line j in Kth replication, µ 
denotes the overall mean of all single and three way crosses, Gij denotes the genotypic 
value of cross between tester Li and line j, Rk presents the effect of Kth replication and 
Eijk is the error associated with that particular cross in replication k. 
 3.4.3 Detection of epistasis 
The detection of epistasis was performed according to Kearsey and Jinks (1968). 
The test of significance of difference [(L1i + L2i – 2L3i) where, i = Number of lines] 
provides information about the presence or absence of epistasis. Therefore, L1i + L2i – 
2L3i for each line and each replication was first computed and then tested. 
The total epistasis for ‘n’ (n = 10) degree of freedom was calculated as 
uncorrected genotype (lines) sum of square based on the total of these components over 
the replications. 
Total epistasis =  
∑ (L1𝑖̅̅ ̅̅ + L2𝑖̅̅ ̅̅  − 2L3𝑖̅̅ ̅̅
10
𝑖=1 )
2
n
 
The total epistasis was partitioned into two components. The correction factor (c.f) 
measures mainly the epistasis of additive × additive [i] type with one degree of freedom. 
[i]type epistasis =  
[∑ (L1𝑖̅̅ ̅̅ + L2𝑖̅̅ ̅̅  − 2L3𝑖̅̅ ̅̅
10
𝑖=1 )]
2
n
 
The corrected genotype sum of squares is a measure of the combined additive × 
dominance and dominance × dominance [j + l] epistasis with (n – 1) degrees of freedom. 
[j + l] type epistasis =  
∑ (L1𝑖̅̅ ̅̅ +  L2𝑖̅̅ ̅̅  − 2L3𝑖̅̅ ̅̅
10
𝑖=1 )
2
n
 −  
[∑ (L1𝑖̅̅ ̅̅ +  L2𝑖̅̅ ̅̅  − 2L3𝑖̅̅ ̅̅
10
𝑖=1 )]
2
n
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The sum of squares associated with the interaction of total epistasis with blocks 
(i.e. Total epistasis × block interaction) was calculated as the difference between 
uncorrected total sum of squares and sum of squares of total epistasis with n(r – 1) 
degrees of freedom. The (i) type of epistasis × block interaction sum of square was 
calculated as the difference between uncorrected replication sum of squares and sum of 
squares of (i) type epistasis with (r – 1) degrees of freedom. The (j + l) type of epistasis × 
block interaction sum of squares was calculated as the difference between line sum of 
squares and sum of squares of (j + l) type epistasis with (n–1)(r–1) degrees of freedom. 
Where, n is the number of lines and r is the number of replications. 
Each of three types of epistasis can be tested against their respective interaction 
with blocks. However before testing individual epistasis, the homogeneity of the 
interaction was first tested as proposed by Singh and Chaudhary (1999). As there were 
only two variances [(i) × blocks and (j + l) × blocks] homogeneity was tested using ‘F’ 
test. 
F (2, 18) = Mean square of [i] × blocks interaction / Mean square of [j+l] × block 
interaction. 
When the interaction with blocks were non-significant, then [i] and [j+l] type of epistasis 
were tested against the total epistasis × block interaction. 
3.4.4 Additive-dominance model 
3.4.4.1 Estimation of Additive variance component (D) 
 The sum of L1i + L2i for each Line was calculated replication wise and subjected 
to analysis of variance as: 
Source of variation d.f. MS Expected 
Replication 
Genotype sum (L1i + L2i) 
Error 
r–1 
n–1 
(n–1)(r–1) 
MSr 
MSs 
MSe 
 
σ2e + 2r σ2s 
σ2e 
Where, r is replications; n is number of Lines used in producing TTCs; MSr, MSs and 
MSe are the mean squares of replications, genotype sums and error, respectively; σ2e and 
σ2s are the expected mean square of error and genotypes sums. 
The observed mean squares were substituted into the equations as follows: 
σ2s = (MSs – MSe)/2r 
σ2s = (1/8)D 
D = 8 (MSs – MSe)/2r 
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3.4.4.2 Estimation of dominance variance component (H) 
The sum of L1i – L2i for each Line was calculated replication wise and subjected 
to analysis of variance as: 
Source of variation d.f. MS Expected 
Replication 
Genotype diff (L1i – L2i) 
Error 
r–1 
n–1 
(n–1)(r–1) 
MSr 
MSd 
MSe 
 
σ2e + 2r σ2d 
σ2e 
 
Where, r is replications; n is number of Lines used in producing TTCs; MSr, MSd and 
MSe are the mean squares of replications, genotype (differences) and error, respectively; 
σ2e and σ2s are the expected mean square of error and genotypes (differences). 
The observed mean squares were substituted into the equations as follows: 
σ2d = (MSd – MSe)/2r 
σ2d  = (1/8)H 
H = 8 (MSd – MSe)/2r 
3.4.5 Degree of Dominance 
Degree of dominance was calculated as (H/D)1/2, where H and D are the 
dominance and additive variance components respectively. 
3.4.6 Correlation coefficient (rs,d) 
The correlation coefficients (rs,d) between the sum (L1i + L2i) and the genotypic 
differences (L1i – L2i) was calculated.  
r(s,d) =  
∑ XY − ∑ X ∑ Y N⁄
√(∑ X2 −
(∑ X)2
N )
√(∑ Y2 −
(∑ Y)2
N )
 
Where; 
X = Lines sums (L1i + L2i) 
Y = Lines differences (L1i – L2i) 
N = Number of lines used as males (10) 
The significance of correlation coefficients between the lines sums and differences was 
tested by applying t-test according to the formulae given as under: 
𝑡 = 𝑟√
𝑛 − 2
1 − 𝑟2
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Significant positive or negative correlation coefficients would indicate a predominant 
direction towards increasing or decreasing values of the trait respectively (Jinks et al. 
1969). 
3.5 Line × tester analysis 
Line × tester analysis as suggested by Kempthorne (1957) provides information 
about the estimates of combining ability of parents and crosses which is pre-requisite for 
genotypes to be used as parents in hybrid development program. In addition to the 
combining ability effects, the analysis also provides information about various types of 
gene action but we were not interested in the later as we already have estimated the type 
of gene action through triple test cross technique. Line × tester analysis comprised of 
following steps; 
3.5.1 Analysis of variance 
The data on various traits were subjected to the analysis of variance as per design 
used and tested the significance of differences among genotypes including parents and 
hybrids which revealed to be highly significant. Then further analysis was done to 
estimate the general combining ability of parents including lines and testers and specific 
combining ability of crosses 
3.5.2 Estimation of GCA effects 
General combining ability (GCA) effects for lines and testers were calculated as 
GCA effects of lines: gi = {(xi.. / tr) – (x…/ltr)} 
GCA effects of testers: gt = {(x.j./ lr) – (x…/ltr)} 
Where; 
l = No. of lines (female parents). 
t = No. of testers (male parents). 
r = No. of replications. 
xi.. = Total of the F1 resulting from crossing the ith line with all the testers. 
x.j. = Total of all the crosses of jth testers with all the lines. 
x… = Total of all the crosses. 
3.5.3 Estimation of SCA effects 
Sij = {(xij./r) – (xi../tr) – (x.j./lr) + (x…/ltr) 
Where; 
Xij. = Total of F1 resulting from crossing ith lines with jth testers. 
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3.5.4 Calculation of standard error (S.E.) 
S. E.  (GCA for lines) =  √M. S. E r × t⁄  
S. E.  (GCA for testers) =  √M. S. E r × l⁄  
S. E.  (SCA) =  √M. S. E r⁄  
3.5.5 Proportional contribution of lines, testers and their interaction to total 
variance 
Contribution of lines =  SS(l) SS(crosses) × 100⁄  
Contribution of testers =  SS(𝑡) SS(crosses) × 100⁄  
Contribution of interaction (l × t) =  SS(l × t) SS(crosses) × 100⁄  
3.6 Heterosis 
 Heterotic effects of crosses over mid and better parent were calculated and 
expressed as percentage as given below; 
Mid parent (MP)heterosis =  
F1  − Mid parent value
Mid parent value
 × 100 
Better parent (BP)heterosis =  
F1  − Better parent value
Better parent value
 × 100 
The significance of heterosis was tested by applying t-test according to Wynne et al. 
(1970) the formulae given as under: 
t-test for mid parent heterosis      =        
(F
1
-MP)
√3 8 ⁄ MSE
 
t-test for better parent heterosis      =        
(F
1
-BP )
√1 2⁄ MSE
 
Where; 
MP  = Mid parent value 
BP  = Better parent value 
MSE  = Mean square due to error 
3.7 Correlation 
 Simple correlation among various traits under study and with the seed cotton yield 
and fibre quality was estimated using the method presented by Pearson (1920). 
r =  
∑ XY − ∑ X ∑ Y N⁄
√(∑X2 −
(∑X)2
N )
√(∑ Y2 −
(∑ Y)2
N )
 
41 
 
The significance of correlation coefficients was tested by applying t-test according to the 
formulae given as under: 
𝑡 = 𝑟√
𝑛 − 2
1 − 𝑟2
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Chapter 4 
RESULTS 
ESTIMATION OF GENETIC MECHANISM UNDERLYING THE 
INHERITANCE OF VARIOUS TRAITS 
4.1 Analysis of variance under triple test cross for various traits in G. hirsutum L. 
 Mean square values for various traits under study are presented in Table 4.1.1 to 
4.1.4. The results of cross I (Table 4.1.1 & 4.1.2) revealed that the genotypes represented 
significant variability among themselves which permitted the further analysis of the data. 
Parents used in the original crosses i.e. I and II, originating from different breeding 
stations, distinct strategy of development and diverse pedigree, exhibited significant 
differences for nearly all the traits under study which is the basic requirement for their 
use in triple test cross analysis. Partitioning of variation among genotypes into 
components revealed that both parents and hybrids exhibited significant variability with 
respect to the traits under study.  The parents used to generate triple test cross progeny 
also showed distinct behavior with respect to the studied traits. Further partitioning of the 
parental mean square into lines (3) and testers (10) exhibited significant results and thus 
the 30 hybrids produced showed significant variation regarding seed cotton yield 
attributes, boll related and fibre quality traits under the investigation. Line v tester 
interaction was found to be significant for all the traits except number of bolls per plant, 
seed cotton yield per plant, lint index, lint mass per boll and seed density. 
 Genetic analysis of the data recorded for various traits for the population 
originating from second cross revealed significant differences among genotypes (Table 
4.1.3 & 4.1.4). Parents used in the original crosses i.e. I and II, originating from different 
breeding stations, distinct strategy of development and diverse pedigree, exhibited 
significant differences for all the traits under study. Partitioning of variation among 
genotypes into parents and hybrids revealed significant variability with respect to the 
characters studied.  Further partitioning of the parental variation into lines and testers 
showed significant results and thus the hybrids originating from these lines and testers 
showed a range of variability with respect to various traits. 
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Table 4.1.1 Mean square values for various seed cotton yield and fibre quality 
components in cross I of G. hirsutum L. 
SOV d.f. No. of 
bolls/ 
plant 
Ave. 
Boll 
weight 
Seed 
cotton 
yield/ 
plant 
Lint 
percentage 
Lint 
index 
Fibre 
length 
Fibre 
strength 
Fibre 
fineness 
Reps. 2 2.576 0.002 18.265 4.649 0.208 0.068 0.507 0.073 
Genotypes 42 20.705** 0.226** 254.798** 20.376** 0.925** 1.802** 18.476** 0.376** 
Hybrids 29 22.028** 0.272** 285.927** 18.500** 0.897** 1.381** 22.214** 0.399** 
Parents(P) 12 19.189** 0.125** 199.595** 19.413** 0.917** 2.328** 8.616** 0.256** 
Lines(L) 9 11.049** 0.104** 93.746** 17.207** 0.504** 2.480** 9.267** 0.192** 
Testers(T) 2 65.084** 0.246** 775.263** 37.493** 3.193** 2.470** 8.710** 0.568** 
L v T  1 0.661NS 0.068** 0.899NS 3.108* 0.081NS 0.680** 2.576** 0.205** 
F1 v P 1 0.518NS 0.104** 14.488 86.334** 1.817** 7.678** 28.413** 1.147** 
Error 84 1.899 0.01 8.198 1.389 0.05 0.345 0.616 0.025 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
 
Table 4.1.2 Mean square values for various within-boll yield components in cross I of G. 
hirsutum L. 
SOV d.f. Seed 
number/ 
boll 
Seed 
mass/ 
boll 
Lint 
mass/ 
Boll 
Lint 
mass/ 
seed 
Seed 
index 
Seed 
volume/ 
100 
seeds 
Seed 
density 
Seed 
surface 
area 
Reps. 2 1.425 0.008 0.011 0.0001 0.008 0.011 0.0001 0.0001 
Genotypes 42 23.095** 0.108** 0.146** 0.0002** 0.776** 1.277** 0.013** 0.013** 
Hybrids 29 30.635** 0.113** 0.111** 0.0002** 0.648** 1.261** 0.006** 0.013** 
Parents(P) 12 6.754** 0.058** 0.228** 0.0004** 1.135** 1.303** 0.026** 0.014** 
Lines(L) 9 3.555* 0.034** 0.118** 0.0002** 1.086** 1.130** 0.014** 0.012** 
Testers(T) 2 14.338** 0.173** 0.833** 0.0016** 1.701** 2.301** 0.094** 0.024** 
L v T  1 20.373** 0.044** 0.003NS 0.0001** 0.443** 0.870** 0.000NS 0.009** 
F1 v P 1 0.566NS 0.561** 0.181** 0.0002** 0.174** 1.445** 0.043** 0.015** 
Error 84 1.392 0.006 0.004 0.0001 0.009 0.009 0.0003 0.0001 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.1.3 Mean square values for various seed cotton yield and fibre quality 
components in cross II of G. hirsutum L. 
SOV d.f. No. of 
bolls/ 
plant 
Ave. 
Boll 
weight 
Seed cotton 
yield/ 
Plant 
Lint 
percentage 
Lint 
index 
Fibre 
length 
Fibre 
strength 
Fibre 
fineness 
Reps. 
Genotypes 
Hybrid 
Parents(P) 
Lines(L) 
Testers(T) 
L v T  
F1 v P 
Error 
2 
42 
29 
12 
9 
2 
1 
1 
84 
0.237 
16.114** 
14.806** 
16.532** 
9.908** 
51.053** 
7.109** 
49.057** 
0.580 
0.022 
0.472** 
0.569** 
0.271** 
0.223** 
0.621** 
0.002NS 
0.079** 
0.008 
9.695 
392.676** 
415.465** 
347.871** 
156.978** 
1305.168** 
151.323** 
269.472** 
5.985     
0.074 
29.559** 
26.853** 
25.827** 
24.692** 
43.720** 
0.259NS 
152.810** 
0.751 
0.006 
1.449** 
1.301** 
1.411** 
0.420** 
4.339** 
4.478** 
6.193** 
0.031 
0.221 
4.016** 
3.245** 
3.579** 
1.307** 
15.480** 
0.216NS 
31.652** 
0.467 
0.084 
13.579** 
15.904** 
8.322** 
8.930** 
7.634** 
4.224** 
9.251** 
0.488 
0.004 
0.544** 
0.594** 
0.410** 
0.234** 
1.401** 
0.010NS 
0.718** 
0.008 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.1.4 Mean square values for various within-boll yield components in cross II of 
G. hirsutum L. 
SOV d.f. Seed 
number/ 
boll 
Seed 
mass/ 
boll 
Lint 
mass/ 
Boll 
Lint 
mass/ 
seed 
Seed 
index 
Seed 
volume/ 
100 
seeds 
Seed 
density 
Seed 
surface 
area 
Reps. 
Genotypes 
Hybrid 
Parents(P) 
Lines(L) 
Tester(T) 
L v T  
F1 v P 
Error 
2 
42 
29 
12 
9 
2 
1 
1 
84 
1.446 
59.908** 
64.211** 
50.800** 
44.088** 
12.985** 
186.832** 
44.414** 
1.152 
0.003 
0.185** 
0.228** 
0.090** 
0.099** 
0.022** 
0.149** 
0.063** 
0.005 
0.013 
0.231** 
0.231** 
0.250** 
0.155** 
0.714** 
0.185** 
0.001NS 
0.003 
0.002 
0.003NS 
0.0003NS 
0.010** 
0.0002NS 
0.041** 
0.038** 
0.004NS 
0.002 
0.007 
1.710** 
1.493** 
2.343** 
1.452** 
2.773** 
9.506** 
0.407** 
0.010 
0.004 
1.110** 
0.821** 
1.302** 
1.191** 
2.448** 
0.009NS 
7.158** 
0.005 
0.0001 
0.029** 
0.028** 
0.028** 
0.017** 
0.007** 
0.170** 
0.047** 
0.0003 
0.0001 
0.012** 
0.008** 
0.014** 
0.012** 
0.026** 
0.0001NS 
0.075** 
0.0001 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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4.1.1 Number of bolls per plant 
Genetic analysis of the data for number of bolls per plant revealed that the mean 
square due to (L1i + L2i – 2L3i) values indicated the presence of highly significant epistasis 
for number of bolls per plant in both the crosses, when tested against the mean square due 
to total epistasis × replicates (Table 4.1.5). Further partitioning of the total epistasis into 
components revealed non-significant [i] type (additive × additive) epistasis in cross I 
while it was significant only (P ≤ 0.05) in cross II whereas highly significant [j+l] type 
(additive × dominance and dominance × dominance) epistasis when tested against total 
epistasis × replicates due to the non-significant value of homogeneity test of [i] type 
epistasis × replicates and [j+l] type epistasis × replicates. 
Analysis of variance for sums (L1i + L2i) and differences (L1i – L2i) provides 
information about the effects of additive (D) and dominance (H) components of the 
genetic variation in the character under study. In the present case both the sums and 
difference mean square values were highly significant for both the crosses (Table 4.1.6) 
showing the importance of both additive (D) and dominance (H) component in the 
expression of the trait however the value of additive variance was greater than dominance 
variance in cross I but lesser in cross II, indicating the relative importance of the genetic 
component. The estimates of degree of dominance (√H/D) was less than 1 in the first 
cross, showing partial dominance and more than 1 in the second cross, showing the 
presence of over-dominance of genes controlling the expression of the trait. The value of 
correlation coefficient was positive but non-significant in both the crosses. 
4.1.2 Average boll weight 
The mean square values due to deviation of (L1i + L2i – 2L3i) from zero were 
found to be highly significant indicating the presence of epistatic interaction in the 
inheritance of average weight per boll (Table 4.1.5). Partitioning of this total epistasis 
into components i.e. additive × additive, additive × dominance and dominance × 
dominance revealed non-significant [i] type epistasis while significant [j+l] type epistasis 
when tested against their respective interaction with replicates i.e. [i] type epistasis × 
replicates and [j+l] type epistasis × replicates. 
Analysis of variance for sums (L1i + L2i) and differences (L1i – L2i) revealed 
highly significant values (Table 4.1.6) which depicted the importance of additive and 
dominance components of the genetic variation in the character under study. Dominance 
variance (H) was higher than additive variance (D) indicating preponderance of non-
additive effects of genes. 
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Table 4.1.5 Test of epistasis for number of bolls per plant and average boll weight in 
cross I & II of G. hirsutum L. 
Items d.f. 
Number of bolls/plant Average boll weight 
Cross I Cross II Cross I Cross II 
Total epistasis 
 
 
i type epistasis 
 
 
j+l type epistasis 
 
 
Total epistasis × replicates 
 
 
i type epistasis × replicates 
 
 
j+l epistasis × replicates 
10 
 
 
1 
 
 
9 
 
 
20 
 
 
2 
 
 
18 
66.641** 
 
 
2.700NS 
 
 
73.746** 
 
 
10.809 
 
 
0.675 
 
 
11.935 
131.572** 
 
 
32.865* 
 
 
142.539** 
 
 
5.005 
 
 
8.216 
 
 
4.648 
1.000** 
 
 
2.431NS 
 
 
0.840** 
 
 
0.125 
 
 
0.608 
 
 
0.072 
4.270** 
 
 
17.511NS 
 
 
2.798** 
 
 
0.480 
 
 
4.378 
 
 
0.047 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.1.6 Mean squares due to sums (L1i + L2i) and differences (L1i – L2i), estimates of 
additive (D) and dominance (H) components, Degree of dominance (√H/D) and 
correlation coefficient (rs,d) for number of bolls per plant and average boll weight in cross 
I & II of G. hirsutum L. 
Items d.f. 
Number of bolls/plant Average boll weight 
Cross I Cross II Cross I Cross II 
Sums 
 
Differences 
 
D 
 
H 
 
√(H/D) 
 
(rs,d) 
9 
 
9 
 
 
 
 
 
 
 
 
64.612** 
 
28.043** 
 
81.339 
 
32.589 
 
0.633 
 
0.096NS 
16.390** 
     
24.798** 
     
20.131 
 
32.251 
 
1.265 
 
0.232NS 
0.428** 
 
0.676** 
 
0.545 
 
0.878 
 
1.269 
 
0.083NS 
1.079** 
 
1.304** 
 
1.422 
 
1.730 
 
1.103 
 
0.023NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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The degree of dominance (√H/D) was found to be greater than 1 in both the crosses 
pointing toward the over-dominance of genes controlling the expression of the character. 
Correlation coefficient in both the crosses was found to be non-significant. 
4.1.3 Seed cotton yield per plant 
The mean square values due to deviation of (L1i + L2i – 2L3i) were found to be 
significantly deviated from zero indicating the presence of epistatic interaction in the 
gene controlling seed cotton yield (Table 4.1.7). Partitioning of total epistasis in to 
components revealed non-significant [i] type (additive × additive) epistasis but significant 
[j+l] type (additive × dominance and dominance × dominance) epistasis when tested 
against their respective interaction with blocks. 
Highly significant mean squares due to sums (L1i + L2i) and differences (L1i – L2i) 
showed that both additive and dominance components of gene action were important for 
seed cotton production (Table 4.1.8). The value of D (additive variance) was greater than 
H (dominance variance) for cross I, indicating the relative role of additive gene effect in 
the inheritance of seed cotton yield. The relative importance of additive genetic effects 
was further confirmed by the degree of dominance √(H/D) which was less than 1 
resulting in partial dominance. While in cross II, degree of dominance was greater than 1 
due to greater magnitude of dominance variance than additive one which indicated that 
over-dominance type of gene action was governing the trait. The value of correlation 
coefficient was non-significant for both the crosses suggesting asymmetrical distribution 
of positive and negative alleles. 
4.1.4 Lint percentage 
 Highly significant deviation of (L1i + L2i – 2L3i) from zero suggested the presence 
of epistatic interaction among the genes controlling lint percentage in both the crosses 
(Table 4.1.7). However when total epistasis was divided into components, [i] type 
(additive × additive) was found to be non-significant in both the crosses. While [j+l] type 
epistasis mean square values were significant suggesting the involvement of additive × 
dominance and dominance × dominance epistasis in the inheritance of lint percentage in 
both the crosses.  
Analysis of variance for lines sums and their differences revealed highly 
significant differences depicting equal importance of additive and dominance variance for 
lint percentage. The value of D (additive variance) was higher than H (dominance 
variance) in cross I and vice versa in cross II. Degree of dominance (√H/D) was found to  
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Table 4.1.7 Test of epistasis for seed cotton yield per plant and lint percentage in cross I 
& II of G. hirsutum L. 
Items d.f. 
Seed cotton yield/plant Lint percentage 
Cross I Cross II Cross I Cross II 
Total epistasis 
 
 
i type epistasis 
 
 
j+l type epistasis 
 
 
Total epistasis × replicates 
 
 
i type epistasis × replicates 
 
 
j+l epistasis × replicates 
10 
 
 
1 
 
 
9 
 
 
20 
 
 
2 
 
 
18 
938.254** 
 
 
1358.114NS 
 
 
891.603** 
 
 
84.286 
 
 
339.528 
 
 
55.925 
3587.722** 
 
 
9349.206NS 
 
 
2947.557** 
 
 
283.553 
 
 
2337.301 
 
 
55.359 
73.150** 
 
 
355.008NS 
 
 
41.832** 
 
 
13.247 
 
 
88.752 
 
 
4.857 
120.285** 
 
 
71.765NS 
 
 
125.676** 
 
 
5.600 
 
 
17.941 
 
 
4.228 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.1.8 Mean squares due to sums (L1i + L2i) and differences (L1i – L2i), estimates of 
additive (D) and dominance (H) components, Degree of dominance (√H/D) and 
correlation coefficient (rs,d) for seed cotton yield per plant and lint percentage in cross I & 
II of G. hirsutum L. 
Items d.f. 
Seed cotton yield/plant Lint percentage 
Cross I Cross II Cross I Cross II 
Sums 
 
 
Differences 
 
 
D 
 
 
H 
 
 
√(H/D) 
 
(rs,d) 
9 
 
 
9 
 
 
 
 
 
 
 
 
679.741** 
 
 
440.297** 
 
 
884.002 
 
 
566.811 
 
 
0.801 
 
0.158NS 
435.306** 
 
 
784.044** 
 
 
562.522 
 
 
1038.381 
 
 
1.359 
 
−0.016NS          
58.937** 
 
 
14.821** 
 
 
77.177 
 
 
16.024 
 
 
0.456 
 
0.108NS 
49.321** 
 
 
59.032** 
 
 
63.458 
 
 
76.762 
 
 
1.100 
 
−0.070NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively)
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less than 1 showing the partial dominance in cross I while greater than unity in cross II 
suggesting over-dominance nature of genes controlling expression of the trait. The value 
of correlation coefficient was non-significant in both the crosses (Table 4.1.8). 
4.1.5 Lint index 
The mean square values due to deviation of (L1i + L2i – 2L3i) indicated the 
presence of highly significant epistatic interaction in the gene controlling lint index when 
tested against the total epistasis × replicates (Table 4.1.9). Further partitioning of the total 
epistasis in to its components revealed that additive × additive epistasis was absent in 
both the crosses due to non-significant mean square values of [i] type epistasis when 
tested against i type epistasis × replicates in cross I whereas total epistasis × replicates in 
cross II due to non-significant result of homogeneity test for cross II. While [j+l] type 
epistasis was highly significant when tested against its interaction with replicates in cross 
I and total epistasis × replicates in cross II indicating the involvement of significant 
amount of additive × dominance and dominance × dominance epistatic interaction in the 
expression of the trait in both the crosses. 
Mean squares due to sums (L1i + L2i) and differences (L1i – L2i) given in Table 
4.1.10 revealed highly significant results which suggested that both additive and 
dominance components of gene action were important for the trait. Degree of dominance 
was partial in cross I due to greater magnitude of additive (D) variance while in cross II 
the genetic mechanism was found to be over dominant due to higher magnitude of 
dominance (H) variance. The value of correlation coefficient was non-significant in both 
the crosses. 
4.1.6 Fibre length 
Non-significant mean squares due to deviation of (L1i + L2i – 2L3i) from zero 
indicated the absence of epistatic interaction in the expression of genes controlling fibre 
length in cross I, while it was found to be significant only at 5% confidence interval in 
cross II (Table 4.1.9). Further partitioning of this total epistasis into components revealed 
that [i] type (additive × additive) epistasis was absent due to non-significant [i] type 
epistasis mean squares while [j+l] type epistasis was significant (P ≤ 0.05) in cross II 
suggesting the involvement of some sort of additive × dominance and dominance × 
dominance epistatic interaction. Homogeneity test revealed non-significant results so [i] 
type and [j+l] type epistasis were tested against total epistasis × replicates. 
Analysis of variance showed non-significant value for lines sums but significantly 
higher value for lines differences suggesting the dominance variance (H) to be more  
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Table 4.1.9 Test of epistasis for lint index and fibre length in cross I & II of G. hirsutum L. 
Items d.f. 
Lint index Fibre length 
Cross I Cross II Cross I Cross II 
Total epistasis 
 
 
i type epistasis 
 
 
j+l type epistasis 
 
 
Total epistasis × replicates 
 
 
i type epistasis × replicates 
 
 
j+l epistasis × replicates 
10 
 
 
1 
 
 
9 
 
 
20 
 
 
2 
 
 
18 
3.391** 
 
 
14.187NS 
 
 
2.191** 
 
 
0.546 
 
 
3.547 
 
 
0.212 
4.768** 
 
 
0.696NS 
 
 
5.221** 
 
 
0.220 
 
 
0.174 
 
 
0.225 
4.976NS 
 
 
2.408NS 
 
 
5.261NS 
 
 
2.584 
 
 
0.602 
 
 
2.805 
12.086* 
 
 
0.645NS 
 
 
13.357* 
 
 
4.160 
 
 
0.161 
 
 
4.604 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.1.10 Mean squares due to sums (L1i + L2i) and differences (L1i – L2i), estimates 
of additive (D) and dominance (H) components, Degree of dominance (√H/D) and  
correlation coefficient (rs,d) for lint index and fibre length in cross I & II of G. hirsutum L. 
Items d.f. 
Lint index Fibre length 
Cross I Cross II Cross I Cross II 
Sums 
 
Differences 
 
D 
 
H 
 
√(H/D) 
 
(rs,d) 
9 
 
9 
 
 
 
 
 
 
 
 
1.633** 
 
1.204** 
 
2.130 
 
1.462 
 
0.829 
 
0.095NS 
2.746** 
 
3.485** 
 
3.568 
 
4.592 
 
1.134 
 
−0.032NS 
1.984NS 
 
3.937** 
 
1.469 
 
4.576 
 
1.765 
 
−0.146NS 
7.825** 
 
9.794** 
 
9.116 
 
11.858 
 
1.141 
 
−0.716* 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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important than additive (D) one, in cross I while in cross II, both the sums and differences  
were significant depicting equal importance of additive and dominance variance for the 
trait in cross II. Degree of dominance (√H/D) was found to be greater than 1 showing the 
over-dominance nature of genes controlling fibre length in both the crosses. Correlation 
coefficient (rs,d) was observed to be non-significant in cross I, while significant and 
negative in cross II indicating dominance towards increasing direction (Table 4.1.10). 
4.1.7 Fibre strength 
Significant deviation of (L1i + L2i – 2L3i) values from zero indicated the presence 
of highly significant epistatic interaction in the genes responsible for fibre strength in 
both the crosses (Table 4.1.11). The mean square of [i] type epistasis being highly 
significant in cross I, while only significant (P ≤ 0.05) in the second cross, confirmed the 
considerable involvement of additive × additive epistasis while genetic interaction 
involving additive × dominance and dominance × dominance loci was also found to be 
involved in the expression of the trait as indicated from significant means square values 
for [j+l] type epistasis in both the crosses. 
Mean squares due to sums (L1i + L2i) and differences (L1i – L2i) were found to be 
highly significant (Table 4.1.12) indicating that both additive and dominance properties 
of genes were important in the genetic control of fibre strength. However magnitude of 
dominance (H) variance was much greater than additive (D) variance resulting in over-
dominance nature of genes controlling the expression in both the crosses. Over-dominant 
behavior of genes was also confirmed by the ratios √(H/D) which were greater than 1 in 
both the crosses. Significant and negative value of correlation coefficient (rs,d), suggested 
the direction of dominance towards increasing type of genes in cross I while in cross II, 
this value was positive but non-significant. 
4.1.8 Fibre fineness 
Genetic analysis of data revealed that the mean squares due to deviation of (L1i + 
L2i – 2L3i) from zero were highly significant indicating the involvement of epistatic 
effects of genes controlling fibre fineness in both the crosses (Table 4.1.11). Partitioning 
of total epistasis into components revealed that [i] type (additive × additive) epistasis was 
not playing its role in total epistasis in both the crosses because of the non-significant 
values for [i] type epistasis when tested against [i] type epistasis × replicates. While mean 
squares due to [j+l] type (additive × dominance and dominance × dominance) epistasis 
were highly significant when tested against total epistasis × replicates due to non-
significant value resulted from homogeneity test in cross I, while their respective  
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Table 4.1.11 Test of epistasis for fibre strength and fibre fineness in cross I & II of G. 
hirsutum L. 
Items d.f. 
Fibre strength Fibre fineness 
Cross I Cross II Cross I Cross II 
Total epistasis 
 
i type epistasis 
 
j+l type epistasis 
 
Total epistasis × replicates 
 
i type epistasis × replicates 
 
j+l epistasis × replicates 
10 
 
1 
 
9 
 
20 
 
2 
 
18 
49.312** 
 
31.416** 
 
51.300** 
 
3.532 
 
7.854 
 
3.052 
82.595** 
 
13.068* 
 
90.320** 
 
2.772 
 
3.267 
 
2.716 
1.570** 
 
0.001NS 
 
1.744** 
 
0.122 
 
0.0003 
 
0.135 
3.498** 
 
13.200NS 
 
2.420** 
 
0.382 
 
3.300 
 
0.058 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
 
Table 4.1.12 Mean squares due to sums (L1i + L2i) and differences (L1i – L2i), estimates 
of additive (D) and dominance (H) components, Degree of dominance (√H/D) and 
correlation coefficient (rs,d) for fibre strength and fibre fineness in cross I & II of G. 
hirsutum L. 
Items d.f. 
Fibre strength Fibre fineness 
Cross I Cross II Cross I Cross II 
Sums 
 
Differences 
 
D 
 
H 
 
√(H/D) 
 
(rs,d) 
9 
 
9 
 
 
 
 
 
 
 
 
10.833** 
 
81.969** 
 
11.829 
 
108.118 
 
3.023 
 
−0.370* 
14.035** 
 
51.575** 
 
17.881 
 
67.135 
 
1.938 
 
0.130NS 
0.957** 
 
0.734** 
 
1.178 
 
0.903 
 
0.876 
 
−0.323* 
1.142** 
 
1.210** 
 
1.497 
 
1.593 
 
1.032 
 
0.186NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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interaction with blocks in cross II, indicating their involvement in controlling fibre 
fineness in both the crosses. 
Highly significant mean squares due to sums (L1i + L2i) and differences (L1i – L2i) 
showed that both additive and dominance components of gene action were important for 
fibre fineness (Table 4.1.12). The value of additive (D) variance was greater than 
dominance (H) variance for cross I resulting the value √(H/D) (degree of dominance) to 
be less than 1 indicating partial dominance while in cross II this value was nearly equal in 
magnitude to dominance (H) variance resulting in almost unit degree of dominance 
indicating complete dominance of the genes controlling fibre fineness. Significant and 
negative value of correlation coefficient (rs,d) indicated the direction of dominance 
towards increasing type of genes in cross I while in cross II this value was positive but 
non-significant. 
4.1.9 Seed number per boll 
Analysis of the data regarding seed number per boll  (Table 4.1.13) revealed that 
the mean squares due to values (L1i + L2i – 2L3i) were significantly deviating from zero 
indicated the presence of epistasis for number of seeds per boll in both the crosses, when 
tested against the mean square due to total epistasis × replicates. [i] type epistasis 
(additive × additive) was found to be non-significant in both the crosses while [j+l] type 
epistasis (additive × dominance and dominance × dominance) were found to be highly 
significant when tested against total epistasis × replicates due to non-significant result of 
homogeneity test in cross I. While in cross II, both [i] and [j+l] type epistasis were tested 
against their respective interaction with blocks. 
Highly significant values for the sums (L1i + L2i) and differences (L1i – L2i) 
showed the importance of both additive and dominance components of the genetic 
variation in the character under study (Table 4.1.14). The value of D (additive variance) 
was much less than H (dominance variance), which resulted the value √(H/D) (degree of 
dominance) greater than 1 depicting over-dominance for cross I. While in cross II both 
additive and dominance variances were nearly equal resulting in value √(H/D) almost 
equal to 1, showing complete dominance of gene controlling the inheritance of trait. 
Correlation coefficient (rs,d) presented non-significant value in cross I showing that the 
positive and negative alleles were dispersed while it was positive and significant in cross 
II, indicating the direction of dominance towards decreasing type of genes or more 
accumulation of negative alleles for the trait. 
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4.1.10 Seed mass per boll 
The mean square values due to deviation of (L1i + L2i – 2L3i) from zero indicated 
the presence of highly significant epistatic effects in the inheritance of seed mass per boll 
(Table 4.1.13). However partitioning of total epistasis in to components revealed that [i] 
type (additive × additive) was non-significant for both the crosses I and II. While [j+l] 
type (additive × dominance and dominance × dominance) epistasis were highly 
significant when tested against total epistasis × replicates due to non-significant 
homogeneity test in cross I while tested against their respective interaction with blocks in 
the second cross. 
Highly significant mean squares due to sums (L1i + L2i) and differences (L1i – L2i) 
showed that both additive and dominance components of gene action were important for 
the trait (Table 4.1.14). The value of dominance variance was observed to be greater than 
additive variance in cross I suggesting that the dominance variance was more important 
than additive one, which was further verified by degree of dominance (√H/D) that was 
greater than 1 indicating over-dominance for the trait. While in cross II, there was a 
minor difference in the values of additive and dominance variances resulting in the 
degree of dominance (√H/D) to be nearly equal to unity (0.96) suggesting almost 
complete dominance for the trait. The value of correlation coefficient was found to be 
non-significant in both the crosses suggesting asymmetrical distribution of positive and 
negative alleles. 
4.1.11 Lint mass per boll 
Results of the genetic analysis revealed significant deviation of (L1i + L2i – 2L3i) 
from zero depicting the involvement of inter-genic loci interaction controlling amount of 
lint produced in a boll for both the crosses, when tested against mean squares due to total 
epistasis × replicates (Table 4.1.15). Further partitioning of the total epistasis into its 
components revealed that [i] type (additive × additive) epistasis was non-significant when 
tested against [i]type epistasis × replicates indicating the absence of this component of 
epistasis in both the crosses. While [j+l] type (additive × dominance and dominance × 
dominance) epistasis was observed to be significant when tested against [j+l] type 
epistasis × replicates. 
Highly significant mean squares due to sums (L1i + L2i) and differences (L1i – L2i) 
showed that both additive and dominance components of gene action were important for 
lint production per boll (Table 4.1.16). The value of H (dominance variance) was found 
to be less than D (additive variance) for cross I resulting the value √(H/D) (degree of  
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Table 4.1.13 Test of epistasis for seed number per boll and seed mass per boll in cross I 
& II of G. hirsutum L. 
Items d.f. 
Seed number/boll Seed mass/boll 
Cross I Cross II Cross I Cross II 
Total epistasis 
 
 
i type epistasis 
 
 
j+l type epistasis 
 
 
Total epistasis × replicates 
 
 
i type epistasis × replicates 
 
 
j+l epistasis × replicates 
10 
 
 
1 
 
 
9 
 
 
20 
 
 
2 
 
 
18 
88.962** 
 
 
10.585NS 
 
 
97.670** 
 
 
6.011 
 
 
2.646 
 
 
6.385 
411.848** 
 
 
1488.679NS 
 
 
292.201** 
 
 
44.061 
 
 
372.170 
 
 
7.604 
0.373** 
 
 
0.070NS 
 
 
0.407** 
 
 
0.026 
 
 
0.018 
 
 
0.027 
1.308** 
 
 
2.548NS 
 
 
1.170** 
 
 
0.093 
 
 
0.637 
 
 
0.032 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.1.14 Mean squares due to sums (L1i + L2i) and differences (L1i – L2i), estimates 
of additive (D) and dominance (H) components, Degree of dominance (√H/D) and 
correlation coefficient (rs,d) for seed number per boll and seed mass per boll in cross I & 
II of G. hirsutum L. 
Items d.f. 
Seed number/boll Seed mass/boll 
Cross I Cross II Cross I Cross II 
Sums 
 
Differences 
 
D 
 
H 
 
√(H/D) 
 
(rs,d) 
9 
 
9 
 
 
 
 
 
 
 
 
33.481** 
 
90.075** 
 
43.123 
 
115.490 
 
1.637 
 
0.224NS 
141.855** 
 
129.520** 
 
187.252 
 
172.232 
 
0.959 
 
0.345* 
0.118** 
 
0.209** 
 
0.147 
 
0.251 
 
1.309 
 
0.101NS 
0.741** 
 
0.462** 
 
0.980 
 
0.614 
 
0.792 
 
0.201NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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dominance) to be less than 1 indicating partial dominance while in cross II the magnitude 
of dominance component (H) was greater than additive component (D) resulting in the 
√(H/D) > 1 indicating the over-dominance type of genes were governing the expression 
of trait. The value of correlation coefficient for lint mass per boll was non-significant in 
cross I whereas significant and negative in cross II, pointing towards increasing type of 
direction of dominance. 
4.1.12 Lint mass per seed 
Genetic analysis of the data recorded for average amount of lint produced by a 
single seed revealed significant deviation of (L1i + L2i – 2L3i) from zero (Table 4.1.15) 
depicting the involvement of epistatic interaction among the genes controlling the trait in 
both the crosses, when tested against mean squares due to total epistasis × replicates. 
Further partitioning of the total epistasis into its components revealed that [i] type 
(additive × additive) epistasis was non-significant when tested against [i] type epistasis × 
replicates indicating the absence of this component of epistasis in both the crosses. While 
[j+l] type (additive × dominance and dominance × dominance) epistasis was observed to 
be significant when tested against [j+l] type epistasis × replicates. 
Highly significant mean squares due to sums (L1i + L2i) and differences (L1i – L2i) 
showed that both additive and dominance components of gene action were important for 
lint production per boll (Table 4.1.16). The value of D (additive variance) was found to 
be greater than H (dominance variance) in both the crosses resulting the value √(H/D) 
(degree of dominance) to be less than 1 indicating partial dominance type of gene action 
was involved in the expression of trait. Significant and positive value of correlation 
coefficient (rs,d) was suggesting the direction of dominance towards decreasing type of 
genes in cross I while in second cross, this value was negative but non-significant. 
4.1.13 Seed index 
The genetic analysis of data revealed that the mean squares due to deviation of 
(L1i + L2i – 2L3i) from zero were highly significant suggesting the involvement of 
significant amount of epistasis in the genetic mechanism controlling seed index in both 
the crosses, when tested against mean squares due to total epistasis × replicates (Table 
4.1.17). Partitioning of total epistasis into components revealed that [i] type epistasis was 
found to be significant (P ≤ 0.05) in cross I but non-significant in cross II whereas [j+l] 
type epistasis were highly significant when tested against total epistasis × replicates 
because of non-significant value resulting from homogeneity test in both the crosses. 
Highly significant mean squares due to sums (L1i + L2i) and differences (L1i – L2i) showed  
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Table 4.1.15 Test of epistasis for lint mass per boll and lint mass per seed in cross I & II 
of G. hirsutum L. 
Items d.f. 
Lint mass/boll Lint mass/seed 
Cross I Cross II Cross I Cross II 
Total epistasis 
 
 
i type epistasis 
 
 
j+l type epistasis 
 
 
Total epistasis × replicates 
 
 
i type epistasis × replicates 
 
 
j+l epistasis × replicates 
10 
 
 
1 
 
 
9 
 
 
20 
 
 
2 
 
 
18 
0.479** 
 
 
1.668NS 
 
 
0.346** 
 
 
0.065 
 
 
0.417 
 
 
0.026 
1.715** 
 
 
6.678NS 
 
 
1.163** 
 
 
0.197 
 
 
1.670 
 
 
0.034 
0.0008** 
 
 
0.0020NS 
 
 
0.0007** 
 
 
0.0001 
 
 
0.0005 
 
 
0.0000 
0.0014** 
 
 
0.0006NS 
 
 
0.0015** 
 
 
0.0001 
 
 
0.0002 
 
 
0.0001 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.1.16 Mean squares due to sums (L1i + L2i) and differences (L1i – L2i), estimates 
of additive (D) and dominance (H) components, Degree of dominance (√H/D) and  
correlation coefficient (rs,d) for lint mass per boll and lint mass per seed in cross I & II of 
G. hirsutum L. 
Items d.f. 
Lint mass/boll Lint mass/seed 
Cross I Cross II Cross I Cross II 
Sums 
 
Differences 
 
D 
 
H 
 
√(H/D) 
 
(rs,d) 
9 
 
9 
 
 
 
 
 
 
 
 
0.276** 
 
0.211** 
 
0.356 
 
0.270 
 
0.871 
 
0.214NS 
0.291** 
 
0.426** 
 
0.380 
 
0.563 
 
1.217 
 
−0.386* 
0.0003** 
 
0.0002** 
 
0.0003 
 
0.0002 
 
0.844 
 
0.270*           
0.0008** 
 
0.0006** 
 
0.0011 
 
0.0008 
 
0.857 
 
−0.089NS          
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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that both additive and dominance components of gene action were important for seed 
index (Table 4.1.18). Dominance variance (H) was higher than additive variance (D) 
suggesting the relative importance of non-additive genetic effects in the inheritance of 
seed index. Preponderance of dominant gene effects was further confirmed by the 
estimates of degree of dominance √(H/D) which was found to be greater than 1 indicating 
over-dominance in the trait. Values for correlation coefficient were observed to be non-
significant for both the crosses indicating irregular distribution of alleles. 
4.1.14 Seed volume per 100 seeds 
 Significant deviation of (L1i + L2i – 2L3i) values from zero (Table 4.1.17), 
indicated the presence of highly significant epistatic effects in the gene controlling seed 
volume for both the crosses. Non-significant mean square due to [i] type epistasis 
exhibited the absence of additive × additive type epistatic interaction in both the crosses 
while highly significant mean squares due to [j+l] type epistasis showed the involvement 
of significant amount of additive × dominance and dominance × dominance epistatic 
interaction in the expression of genes responsible for seed volume in both the crosses. 
Mean squares due to sums (L1i + L2i) and differences (L1i – L2i) were found to be 
highly significant indicating that both additive and dominance properties of genes were 
important in the genetic control of seed volume in both the crosses (Table 4.1.18). 
However the value of H (dominance variance) was slightly higher than D (additive 
variance) in cross I, while much higher in cross II, indicating the relative importance of 
dominance effects of genes. The value √(H/D) i.e. degree of dominance was found to be 
higher than unity depicting over dominance nature of genes controlling the character. 
Positive and significant value of correlation coefficient in cross I indicated that the 
direction of dominance was towards decreasing type of gene action while in second cross 
it was non-significant. 
4.1.15 Seed density 
Significant deviation of (L1i + L2i – 2L3i) from zero suggested the presence of 
epistasis in seed density (Table 4.1.19). Highly significant mean square values for [i] type 
epistasis suggested the presence of additive × additive epistatic interaction for the trait in 
cross I but non-significant in cross II indicating absence of this component of epistatic 
interaction in second cross. The mean squares of [j+l] type epistasis were found to be 
highly significant indicating the involvement of additive × dominance and dominance × 
dominance epistatic interaction among genes controlling seed density. Both i type and j+l 
type epistasis were tested against total epistasis × replicates due to non-significant value  
59 
 
Table 4.1.17 Test of epistasis for seed index and seed volume per 100 seeds in cross I & 
II of G. hirsutum L. 
Items d.f. 
Seed index Seed volume/100 seeds 
Cross I Cross II Cross I Cross II 
Total epistasis 
 
 
i type epistasis 
 
 
j+l type epistasis 
 
 
Total epistasis × replicates 
 
 
i type epistasis × replicates 
 
 
j+l epistasis × replicates 
10 
 
 
1 
 
 
9 
 
 
20 
 
 
2 
 
 
18 
3.664** 
 
 
0.397* 
 
 
4.028** 
 
 
0.051 
 
 
0.099 
 
 
0.045 
6.558** 
 
 
0.413NS 
 
 
7.241** 
 
 
0.137 
 
 
0.103 
 
 
0.141 
6.908** 
 
 
4.880NS 
 
 
7.133** 
 
 
0.180 
 
 
1.220 
 
 
0.064 
4.230** 
 
 
6.533NS 
 
 
3.974** 
 
 
0.199 
 
 
1.633 
 
 
0.040 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.1.18 Mean squares due to sums (L1i + L2i) and differences (L1i – L2i), estimates of 
additive (D) and dominance (H) components, Degree of dominance (√H/D) and 
correlation coefficient (rs,d) for seed index and seed volume per 100 seeds in cross I & II 
of G. hirsutum L. 
Items d.f. 
Seed index Seed volume/100 seeds 
Cross I Cross II Cross I Cross II 
Sums 
 
Differences 
 
D 
 
H 
 
√(H/D) 
 
(rs,d) 
9 
 
9 
 
 
 
 
 
 
 
 
0.791** 
 
1.198** 
 
1.041 
 
1.566 
 
1.226 
 
0.0004NS 
2.445** 
 
3.021** 
 
3.251 
 
4.015 
 
1.111 
 
−0.111NS 
2.131** 
 
2.476** 
 
2.829 
 
3.289 
 
1.078 
 
0.253* 
1.232** 
 
2.727** 
 
1.626 
 
3.620 
 
1.492 
 
−0.032NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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resulting from homogeneity test while against their relevant interaction with blocks in 
cross II. 
Mean squares due to sums of families (L1i + L2i) and differences between the 
families (L1i + L2i) were found to be highly significant (Table 4.1.20), indicating that both 
additive and dominance properties of genes were important in the genetic control of seed 
volume for both the crosses. Additive (D) and dominance (H) components were nearly 
equal in magnitude which resulted the value √(H/D) i.e. degree of dominance, to be 
almost unity depicting complete dominance of genes controlling the trait in cross I. While 
in second cross, the degree of dominance was greater than unity showing over-dominance 
nature of genes controlling the character. Value of correlation coefficient (rs,d) was 
significant and positive in cross I, suggesting direction of dominance towards decreasing 
type of genes and vice versa in second cross. 
4.1.16 Seed surface area 
Test of epistasis showed presence of highly significant epistatic effects in the 
expression of genes responsible for surface area of cotton seed (Table 4.1.19). Further 
partitioning of this total epistasis into fractions revealed non-significant [i] type epistasis 
(additive × additive) when tested against [i] type epistasis × replicates for both the 
crosses. However the [j+l] type epistasis (additive × dominance and dominance × 
dominance) when tested against [j+l] type epistasis × replicates showed high significance 
for both the crosses. 
 Analysis of variance for lines sums and their differences (Table 4.1.20), revealed 
highly significant mean squares depicting importance of both additive and dominance 
variance for the trait. Dominance variance revealed to be of greater importance than 
additive variance as suggested by higher H value than D which was also proved its 
authenticity by the degree of dominance (√H/D) which was observed to be greater than 1 
in both the crosses showing over-dominance nature of genes controlling seed cotton per 
seed. Correlation coefficient displayed significant positive value in cross I, suggesting the 
direction of dominance towards decreasing and negative but non-significant value in the 
second cross.  
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Table 4.1.19  Test of epistasis for seed density and seed surface area in cross I & II of 
G. hirsutum L. 
Items d.f. 
Seed density Seed surface area 
Cross I Cross II Cross I Cross II 
Total epistasis 
 
 
i type epistasis 
 
 
j+l type epistasis 
 
 
Total epistasis × replicates 
 
 
i type epistasis × replicates 
 
 
j+l epistasis × replicates 
10 
 
 
1 
 
 
9 
 
 
20 
 
 
2 
 
 
18 
0.016** 
 
 
0.028** 
 
 
0.015** 
 
 
0.002 
 
 
0.007 
 
 
0.002 
0.123** 
 
 
0.148NS 
 
 
0.120** 
 
 
0.006 
 
 
0.037 
 
 
0.003 
0.072** 
 
 
0.051NS 
 
 
0.074** 
 
 
0.002 
 
 
0.013 
 
 
0.001 
0.044** 
 
 
0.069NS 
 
 
0.041** 
 
 
0.002 
 
 
0.017 
 
 
0.0004 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.1.20 Mean squares due to sums (L1i + L2i) and differences (L1i – L2i), estimates of 
additive (D) and dominance (H) components, Degree of dominance (√H/D) and 
correlation coefficient (rs,d) for seed density and seed surface area in cross I & II of G. 
hirsutum L. 
Items d.f. 
Seed density Seed surface area 
Cross I Cross II Cross I Cross II 
Sums 
 
Differences 
 
D 
 
H 
 
√(H/D) 
 
(rs,d) 
9 
 
9 
 
 
 
 
 
 
 
 
0.012** 
 
0.011** 
 
0.016 
 
0.015 
 
0.970 
 
0.479* 
0.036** 
 
0.076** 
 
0.048 
 
0.101 
 
1.455 
 
−0.261* 
0.022** 
 
0.026** 
 
0.0294 
 
0.0342 
 
1.0783 
 
0.253* 
0.013** 
 
0.028** 
 
0.017 
 
0.038 
 
1.494 
 
−0.030NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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ESTIMATION OF COMBINING ABILITY AND HETEROSIS THROUGH LINE 
× TESTER ANALYSIS 
4.2 Analysis of variance under line × tester for various traits in G. hirsutum L. 
 The data recorded for various agronomic, boll related and fibre quality traits were 
subjected to analysis of variance for both the crosses as proposed by Kampthorne (1957). 
Mean square values for various traits under study in cross I are presented in Table 4.2.1 
& 4.2.2. It is evident from the results that the genotypes represented significant variability 
among themselves which permitted the further analysis of the data. Parents originating 
from different breeding stations, distinct strategy of development and diverse pedigree, 
exhibited significant differences for all the traits under study. Partitioning of variation 
among parents into components revealed that the lines and testers exhibited significant 
variability with respect to almost all the traits under study. Line × tester interaction was 
found to be significant for all the traits. 
 Analysis of variance for various traits under study in cross II also revealed 
significant differences among the genotypes regarding the variables studied (Table 4.2.3 
& 4.2.4). Partitioning of variation due to genotypes into parents and crosses disclosed that 
the parents used in current study were different from each other in their performance with 
respect to the parameters recorded. The hybrids/crosses originating from inter-mating of 
diverse parents also exhibited a range of variability with respect to traits of interests. This 
variability might be helpful in identification of parents and crosses for improvement in 
the traits in desired direction. Further partitioning of parental variability in to female 
parents/lines and male parents/testers exhibit differences among them regarding the 
characters under investigation. Line and testers also interact significantly for most of the 
traits to develop the ultimate phenotype of the characters. 
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Table 4.2.1 Mean square values of Lines × Testers analysis for seed cotton yield and 
fibre quality traits in cross I of G. hirsutum L. 
SOV d.f. No. of 
bolls/ 
plant 
Ave. 
Boll 
weight 
Seed 
cotton 
yield/ 
plant 
Lint 
percentage 
Lint 
index 
Fibre 
length 
Fibre 
strength 
Fibre 
fineness 
Reps 2 2.576 0.002 18.265 0.208 0.068 0.507 0.073 0.208 
Genotypes 42 20.705** 0.226** 254.798** 0.925** 1.802** 18.476** 0.376** 0.925** 
Parents (P) 12 19.189** 0.125** 199.595** 0.917** 2.328** 8.616** 0.256** 0.917** 
Crosses(C) 29 22.028** 0.272** 285.927** 0.897** 1.381** 22.214** 0.399** 0.897** 
P vs C 1 0.518** 0.104** 14.488** 1.817** 7.678** 28.413** 1.147** 1.817** 
Lines (L) 2 22.585** 0.328** 165.224** 1.949** 0.231NS 73.920** 1.323** 1.949** 
Testers (T) 9 39.647** 0.324** 515.856** 1.491** 1.553** 5.616** 0.334** 1.491** 
L×T 18 13.156** 0.239** 184.375** 0.484** 1.423** 24.767** 0.329** 0.484** 
Error 84 1.899 0.010 8.198 0.050 0.345 0.616 0.025 0.050 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.2.2 Mean square values of Lines × Testers analysis for within-boll yield 
components in cross I of G. hirsutum L. 
SOV d.f. Seed 
number/ 
boll 
Seed 
mass/ 
boll 
Lint 
mass/ 
boll 
Lint 
mass/ 
seed 
Seed 
index 
Seed 
volume/ 
100 
seeds 
Seed 
density 
Seed 
surface 
area 
Reps 2 1.425 0.008 0.011 0.0000 0.008 0.011 0.0000 0.0001 
Genotypes 42 23.095** 0.108** 0.146** 0.0002** 0.776** 1.277** 0.013** 0.013** 
Parents(P) 12 6.754** 0.058** 0.228** 0.0004** 1.135** 1.303** 0.026** 0.014** 
Crosses(C) 29 30.635** 0.113** 0.111** 0.0002** 0.648** 1.261** 0.006** 0.013** 
P vs C 1 0.566** 0.561** 0.181** 0.0002** 0.174** 1.445** 0.043** 0.015** 
Lines(L) 2 50.111** 0.299** 0.174** 0.0005** 0.314** 0.411** 0.010** 0.004** 
Testers(T) 9 26.260** 0.126** 0.157** 0.0002** 0.747** 1.544** 0.009** 0.016** 
L×T 18 30.658** 0.086** 0.082** 0.0001** 0.635** 1.214** 0.004** 0.013** 
Error 84 1.392 0.006 0.004 0.0000 0.009 0.009 0.0003 0.0001 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.2.3 Mean square values of Lines × Testers analysis for seed cotton yield and 
fibre quality traits in cross II of G. hirsutum L. 
SOV d.f. No. of 
bolls/ 
plant 
Ave. 
Boll 
weight 
Seed 
cotton 
yield/ 
plant 
Lint 
percentage 
Lint 
index 
Fibre 
length 
Fibre 
strength 
Fibre 
fineness 
Reps 2 0.237 0.022 9.695 0.074 0.006 0.221 0.084 0.004 
Genotype 42 16.114** 0.472** 392.676** 29.559** 1.449** 4.016** 13.579** 0.544** 
Parents(P) 12 16.532** 0.271** 347.871** 25.827** 1.411** 3.579** 8.322** 0.410** 
Crosses(C) 29 14.806** 0.569** 415.465** 26.853** 1.301** 3.245** 15.904** 0.594** 
P vs C 1 49.057** 0.079** 269.472** 152.810** 6.193** 31.652** 9.251** 0.718** 
Lines(L) 2 20.219** 1.460** 908.477** 6.437** 0.140** 0.759NS 2.289** 1.161** 
Testers(T) 9 7.058** 0.390** 253.554** 34.635** 1.550** 3.163** 9.895** 0.647** 
L×T 18 18.078** 0.559** 441.641** 25.231** 1.306** 3.562** 20.420** 0.504** 
Error 84 0.580 0.008 5.985 0.751 0.031 0.467 0.488 0.008 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
Table 4.2.4 Mean square values of Lines × Testers analysis for within-boll yield 
components in cross II of G. hirsutum L. 
SOV d.f. Seed 
number/ 
boll 
Seed 
mass/ 
boll 
Lint 
mass/ 
boll 
Lint 
mass/ 
seed 
Seed 
index 
Seed 
volume/ 
100 
seeds 
Seed 
density 
Seed 
surface 
area 
Reps 2 1.446 0.003 0.013 0.00001 0.007 0.004 0.0003 0.0002 
Genotype 42 59.908** 0.185** 0.231** 0.0004** 1.710** 1.110** 0.029** 0.012** 
Parents(P) 12 50.800** 0.090** 0.250** 0.0005** 2.343** 1.302** 0.028** 0.014** 
Crosses(C) 29 64.211** 0.228** 0.231** 0.0003** 1.493** 0.821** 0.028** 0.009** 
P vs C 1 44.414** 0.063** 0.001** 0.0001** 0.407** 7.158** 0.047** 0.075** 
Lines(L) 2 127.387** 0.216** 0.564** 0.0001** 0.429** 0.976** 0.012** 0.010** 
Testers(T) 9 65.134** 0.261** 0.213** 0.0005** 1.999** 0.404** 0.030** 0.004** 
L×T 18 56.730** 0.213** 0.203** 0.0003** 1.359** 1.013** 0.029** 0.011** 
Error 84 1.152 0.005 0.003 0.00001 0.010 0.005 0.0001 0.0001 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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4.2.1 Number of boll per plant 
Combining ability analysis of the data regarding number of bolls per plant in 
cross I revealed that highest positive and significant general combining ability (GCA) 
effects were presented by the line NIAB-999 (0.81) which depicts that this variety proved 
to be good general combiner for the trait under study (Table 4.2.5). While the genotype 
(NIAB-999 × BH-89) produced highest negative GCA estimates (−0.91) for the trait. 
Among testers highest GCA estimates for the trait under discussion were exhibited by 
CIM-240 followed by CIM-496 (4.13 and 2.09, respectively) whereas maximum 
significant but negative GCA estimates were presented by VH-144 (−2.62), which 
showed its poor combining ability with the lines under study. 
In the second cross, the line NIAB-228 showed the highest positive GCA 
estimates for number of bolls per plant (Table 4.2.6) followed by BH-160 (0.59 and 0.35, 
respectively) while (NIAB-228 × BH-160) exhibited highest negative GCA effects 
(−0.94) for the trait. Maximum GCA value, among testers, for the trait was presented by 
FH-634 followed by VH-144 (1.57 and 1.28, respectively) whereas the highest significant 
but negative GCA effects (−1.34) were exhibited by Reshmi-90 which proved it as a poor 
combiner with lines under study. 
Specific combining ability (SCA) effects of crosses for number of bolls per plant 
of cross I are presented in Table 4.2.7. The results revealed that the cross BH-89 × CIM-
496 showed the highest SCA effects (2.83) which may be consider as the best 
combination for improvement in the trait under study followed by (NIAB-999 × BH-89) 
× Reshmi-90 and NIAB-999 × CIM-70 (2.80 and 2.68, respectively), while maximum 
negative SCA value was given by (NIAB-999 × BH-89) × CIM-496. 
In cross II, (Table 4.2.8) the highest magnitude of positive SCA effects (2.47) was 
given by the crosses BH-160 × CIM-70 and (NIAB-228 × BH-160) × CIM-496 followed 
by NIAB-228 × CIM-1100 (2.39), while maximum negative SCA value (−4.10) was 
estimated for the cross BH-160 × CIM-1100 followed by NIAB-228 × CIM-496 (−4.06). 
4.2.2 Average boll weight 
General combining ability effects for average boll weight in cross I are presented 
in Table 4.2.5. It is evident from the results that out of three parents used as lines in this 
study one showed significant positive GCA estimates, the other showed significant 
negative effects while the third remain non-significant. BH-89 proved to be the best 
general combiner with significant and positive value of 0.09 while NIAB-999 showed 
significant negative GCA effects (−0.11) for the trait. Among testers 5 out of 10 
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presented significant positive GCA effects, NIAB-78 being the best general combiner 
with a value of 0.23 followed by Reshmi-90 (0.21), whilst three testers showed 
significant negative values including FH-634 with maximum value of (−0.28) which are 
to be considered as poor general combiners. 
In cross II, the highest positive GCA effects, among lines, were presented by BH-
160 (0.25) which made it the best general combiner for average boll weight among the 
genotypes studied, while NIAB-228 and (NIAB-228 × BH-160) being the poor 
combiners with significant negative GCA value of −0.13 and −0.12, respectively (Table 
4.2.6). Among the genotypes used as the male parents, CIM-496 expressed itself to be the 
best general combiner with the highest GCA effects (0.47) followed by NIAB-78 (0.10) 
which was also the best general combiner in cross I. Exotic genotype Russian was 
considered as the poorest general combiner as indicated by its highest negative GCA 
effects (−0.36) followed by CIM-1100 (−0.15).  
Specific combining ability (SCA) effects of crosses for average boll weight of 
cross I are presented in Table 4.2.7. Eight out of thirty crosses evaluated for the trait 
presented significant positive values which may be considered as desirable combinations 
in cross I. The three way cross (NIAB-999 × BH-89) × CIM-1100 exhibited the highest, 
significant and positive SCA effects (0.54) followed by the single cross NIAB-999 × 
CIM-70 (0.31). NIAB-999 × CIM-1100 proved to be the poorest combination for the trait 
under study followed by BH-89 × VH-144 with negative SCA effects of −0.51 and −0.29, 
respectively.   
In cross II, 12 combinations were favorable for improving the trait, the maximum 
positive value of SCA effects (Table 4.2.8) was given by the combination (NIAB-228 × 
BH-160) × Reshmi-90 followed by (NIAB-228 × BH-160) × FH-634 which are to be 
considered as favorable combinations regarding improvement in boll size while the 
combinations NIAB-228 × FH-634 and BH-160 × Reshmi-90 were considered as poor 
with negative SCA effects of −0.61 and −0.58, respectively. 
4.2.3 Seed cotton yield per plant 
Estimation of general combining ability effects for seed cotton yield per plant in 
cross I showed that BH-89 gained the highest significant positive value (2.24) and hence 
was good general combiner for this trait (Table 4.2.5). While the genotype (NIAB-999 × 
BH-89) which was used as female parent (L3), presented significantly negative GCA 
effects (−2.44) and considered as poor combiner. NIAB-999 which proved good general 
combiner for number of bolls per plant but poor for average boll weight, showed non-
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significant results for seed cotton yield per plant. CIM-240, among testers, gave 
significant positive GCA effects (14.53) indicating its good ability to combine with lines 
for the trait followed by CIM-496 and CIM-1100 which also showed significant positive 
GCA estimates (8.83 and 4.94, respectively). VH-144 was indicated as poor combiner as 
it showed highest negative combining ability effects (−12.09) followed by the exotic 
genotype Russian (−4.71). 
General combining ability effects for seed cotton yield in the second cross 
revealed that highest significant and positive GCA effects were given by the line BH-160 
and designated as good general combiner for amount of seed cotton yield produced on 
single plant (Table 4.2.6). The highest magnitude of negative GCA effects was presented 
by the genotype (NIAB-228 × BH-160) followed by NIAB-228 with a values of −5.02 
and −0.87, respectively and hence were considered as poor combiner for the trait.  
Among testers, CIM-496 showed significant positive GCA effects (7.80), followed by 
VH-144 (5.22). The genotype, Russian, exhibited highest significant but negative GCA 
value (−9.00), followed by Reshmi-90 (−6.13) and so were considered as poor combiner 
for the trait under discussion. 
Specific combining ability (SCA) effects of crosses for seed cotton yield in cross I 
are presented in Table 4.2.7. It is apparent from the results that 9 out of total 30 crosses 
showed significant positive effects, other 9 presented significant negatives SCA value 
while the remaining showed non-significant results regarding seed cotton yield. NIAB-
999 × CIM-70 was the most favorable combination due to high SCA effects (14.11), 
followed by BH-89 × CIM-496 (9.86). While (NIAB-999 × BH-89) × CIM-496 
presented the highest significant and negative SCA effects (−12.22), followed by NIAB-
999 × Russian (−9.82) and hence were considered as poor combinations for the trait. 
 In the second cross, the maximum positive value of SCA effects was given by the 
combination NIAB-228 × CIM-1100 (15.55), followed by NIAB-228 × S-12 (14.08) 
indicating as the most desirable combinations while the cross NIAB-228 × FH-634 and 
BH-160 × NIAB-78 were considered as poor performing combinations with significant 
negative SCA effect (−16.76 and −16.18, respectively) for the trait (Table 4.2.8). 
4.2.4 Lint percentage 
General combining ability effects for lint percentage in cross I are displayed in 
Table 4.2.5. Significant positive GCA effects were recorded for the line BH-89 (1.15) 
indicating its good general combing ability, while NIAB-999 × BH-89 was considered to 
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Table 4.2.5 General combining ability effects of lines and testers for seed cotton yield 
and fibre quality components in cross I of G. hirsutum L. 
 No. of 
bolls/ 
plant 
Ave. 
Boll 
weight 
Seed 
cotton 
yield/ 
plant 
Lint 
percentage 
Lint 
index 
Fibre 
length 
Fibre 
strength 
Fibre 
fineness 
Lines 
NIAB-999 
BH-89 
NIAB-999 × BH-89 
S.E. Lines 
0.81** 
0.10NS 
−0.91** 
0.254 
−0.11** 
0.09** 
0.02NS 
0.018 
0.20NS 
2.24** 
−2.44** 
0.530 
−0.01NS 
1.15** 
−1.14** 
0.193 
0.05NS 
0.23** 
−0.27** 
0.038 
0.02NS 
−0.09NS 
0.08NS 
0.119 
−1.71** 
0.34* 
1.37** 
0.144 
−0.21** 
−0.00NS 
0.21** 
0.030 
Testers 
CIM-70 
Russian 
CIM-496 
CIM-1100 
Reshmi-90 
FH-634 
S-12 
NIAB-78 
CIM-240 
VH-144 
S.E. Testers 
−0.00NS 
−1.62** 
2.09** 
1.00* 
−2.00** 
0.86NS 
−0.11NS 
−1.71** 
4.13** 
−2.62** 
0.464 
−0.05NS 
−0.01NS 
0.11** 
0.15** 
0.21** 
−0.28** 
−0.18** 
0.23** 
0.10** 
−0.26** 
0.034 
−0.58NS 
−4.71** 
8.83** 
4.94** 
−2.39* 
−3.49** 
−3.76** 
−1.26NS 
14.53** 
−12.09** 
0.968 
−3.92** 
−0.37NS 
−0.84* 
2.71** 
−1.06** 
−0.33NS 
2.51** 
−1.36** 
1.30** 
1.36** 
0.353 
−0.67** 
−0.21** 
−0.14* 
0.70** 
−0.05NS 
−0.18* 
0.55** 
−0.08NS 
0.32** 
−0.24** 
0.069 
−0.46* 
0.16NS 
0.02NS 
0.22NS 
−0.09NS 
−0.42NS 
−0.54* 
−0.12NS 
0.52* 
0.72** 
0.218 
−0.26NS 
−0.15NS 
−1.10** 
0.31NS 
1.09** 
0.56*  
−0.90** 
0.90** 
−0.93** 
0.48NS 
0.263 
0.12* 
−0.23** 
−0.02NS 
0.01NS 
0.21** 
0.37** 
−0.04NS 
−0.23** 
−0.18** 
−0.02NS 
0.056 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.2.6 General combining ability effects of lines and testers for seed cotton yield 
and fibre quality components in cross II of G. hirsutum L. 
 No. of 
bolls/ 
plant 
Ave. 
Boll 
weight 
Seed 
cotton 
yield/ 
plant 
Lint 
percentage 
Lint 
index 
Fibre 
length 
Fibre 
strength 
Fibre 
fineness 
Lines 
NIAB-228 
BH-160 
NIAB-228 × BH-160 
S.E. Lines 
0.59** 
0.35** 
−0.94** 
0.130 
−0.13** 
0.25** 
−0.12** 
0.014 
−0.87* 
5.88** 
−5.02** 
0.423 
−0.38* 
0.52** 
−0.13NS 
0.163 
0.03NS 
0.05NS 
−0.08* 
0.034 
−0.13NS 
−0.05NS 
0.18NS 
0.131 
−0.31* 
0.22NS 
0.09NS 
0.131 
0.07** 
−0.22** 
0.16** 
0.018 
Testers 
CIM-70 
Russian 
CIM-496 
CIM-1100 
Reshmi-90 
FH-634 
S-12 
NIAB-78 
CIM-240 
VH-144 
S.E. Testers 
0.23NS 
−0.81** 
−0.01NS 
−0.52* 
−1.34** 
1.57** 
0.08NS 
−0.06NS 
−0.41NS 
1.28** 
0.238 
0.03NS 
−0.36** 
0.47** 
−0.15** 
−0.09** 
−0.04NS 
0.03NS 
0.10** 
−0.03NS 
0.04NS 
0.026 
1.65* 
−9.00** 
7.80** 
−4.70** 
−6.13** 
4.28** 
0.94NS 
1.15NS 
−1.21NS 
5.22** 
0.773 
−3.09** 
1.29** 
−0.57NS 
3.36** 
−1.58** 
0.90** 
−2.09** 
1.12** 
−0.84** 
1.49** 
0.297 
−0.62** 
0.04NS 
0.17** 
0.31** 
−0.17** 
0.60** 
−0.74** 
−0.02NS 
0.26** 
0.18** 
0.063 
−0.11NS 
0.17NS 
−0.34NS 
−0.04NS 
−0.04NS 
−0.56* 
1.06** 
0.59* 
0.33NS 
−1.05** 
0.238 
0.33NS 
0.27NS 
0.61* 
−0.93** 
−1.26** 
0.60* 
1.53** 
−0.35NS 
−1.77** 
0.97** 
0.239 
0.38** 
0.36** 
−0.30** 
0.19** 
−0.10** 
−0.26** 
0.06NS 
−0.07* 
−0.39** 
0.13** 
0.032 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.2.7 Specific combining ability effects of crosses for number of bolls per plant, 
average boll weight, seed cotton yield per plant and lint percentage in cross I of G. 
hirsutum L. 
Cross 
No. of bolls/ 
plant 
Average boll 
weight 
Seed cotton 
yield/plant 
Lint 
percentage 
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
2.68** 
−1.90* 
−0.41NS 
1.48NS 
−2.32** 
1.74* 
−0.75NS 
−0.55NS 
−0.66NS 
0.70NS 
−1.88* 
0.68NS 
2.83** 
−0.14NS 
−0.48NS 
−1.54NS 
−1.97* 
2.37** 
−0.41NS 
0.54NS 
−0.80NS 
1.22NS 
−2.42** 
−1.33NS 
2.80** 
−0.20NS 
2.71** 
−1.82* 
1.07NS 
−1.24NS 
0.31** 
−0.27** 
0.19** 
−0.51** 
−0.04NS 
−0.27** 
0.03NS 
0.06NS 
0.20** 
0.30** 
−0.17** 
0.13* 
0.05NS 
−0.03NS 
0.31** 
0.18** 
0.00NS 
−0.08NS 
−0.10NS 
−0.29** 
−0.14* 
0.14* 
−0.25** 
0.54** 
−0.27** 
0.09NS 
−0.03NS 
0.02NS 
−0.10NS 
−0.00NS 
14.11** 
−9.82** 
2.37NS 
−5.94** 
−7.18** 
−1.27NS 
−1.51NS 
−0.11NS 
2.21NS 
7.15** 
−9.14** 
3.90* 
9.86** 
−0.25NS 
3.28NS 
−0.62NS 
−5.63** 
5.74** 
−3.26NS 
−3.87* 
−4.98** 
5.93** 
−12.22** 
6.20** 
3.90* 
1.89NS 
7.15** 
−5.63** 
1.05NS 
−3.28NS 
1.37* 
0.79NS 
0.72NS 
−1.33* 
−1.39* 
0.14NS 
2.63** 
−2.46** 
0.78NS 
−1.25* 
−0.39NS 
1.10NS 
−1.70** 
0.68NS 
0.85NS 
−0.05NS 
−2.06** 
1.72** 
−0.88NS 
0.73NS 
−0.97NS 
−1.89** 
0.98NS 
0.66NS 
0.54NS 
−0.10NS 
−0.57NS 
0.74NS 
0.10NS 
0.51NS 
S.E. 0.804 0.058 1.676 0.612 
(**,*,NS represents highly significant, significant and non-significant differences, respectively)
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Table 4.2.8 Specific combining ability effects of crosses for number of bolls per plant, 
average boll weight, seed cotton yield per plant and lint percentage in cross II of G. 
hirsutum L. 
Cross 
No. of 
bolls/ plant 
Average 
boll weight 
Seed cotton 
yield/plant 
Lint 
percentage 
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
−1.10** 
−0.06NS 
−4.06** 
2.39** 
0.81NS 
−1.83** 
1.79** 
2.32** 
−1.19** 
0.92* 
2.47** 
−0.82* 
1.58** 
−4.10** 
0.05NS 
1.54** 
0.03NS 
−3.77** 
1.85** 
1.16** 
−1.37** 
0.87* 
2.47** 
1.72** 
−0.86* 
0.29NS 
−1.82** 
1.45** 
−0.66NS 
−2.08** 
−0.16** 
−0.37** 
0.27** 
0.41** 
0.03NS 
−0.61** 
0.44** 
−0.18** 
0.07NS 
0.11* 
0.21** 
0.30** 
−0.17** 
0.11* 
−0.58** 
0.07NS 
−0.37** 
−0.23** 
0.37** 
0.29** 
−0.05NS 
0.07NS 
−0.10* 
−0.51** 
0.56** 
0.54** 
−0.07NS 
0.41** 
−0.44** 
−0.40** 
−6.50** 
−6.38** 
−9.18** 
15.55** 
3.52** 
−16.76** 
14.08** 
4.10** 
−2.70* 
4.27** 
12.02** 
2.20NS 
2.77* 
−11.73** 
−9.86** 
6.29** 
−7.14** 
−16.18** 
12.28** 
9.35** 
−5.51** 
4.17** 
6.41** 
−3.83** 
6.34** 
10.46** 
−6.94** 
12.09** 
−9.58** 
−13.61** 
−1.95** 
0.57NS 
2.03** 
1.00NS 
2.50** 
−0.04NS 
−2.02** 
−2.16** 
2.90** 
−2.83** 
2.02** 
0.41NS 
−0.44NS 
2.41** 
1.91** 
−1.04* 
−2.32** 
1.94** 
−4.16** 
−0.73NS 
−0.07NS 
−0.98NS 
−1.59** 
−3.41** 
−4.41** 
1.08* 
4.33** 
0.22NS 
1.26* 
3.56** 
S.E. 0.412 0.046 1.338 0.515 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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have poor combining ability owing to significant negative value of GCA effects. CIM-
1100, among testers, was considered as the best general combiner as indicated by its 
highest positive GCA estimates (2.71), followed by S-12 (2.51), whereas CIM-70 
displayed the highest significant negative GCA (−3.92) followed by NIAB-78 (−1.36) 
indicating their poor general combining ability. 
In cross II, the line BH-160 was recorded as the best combiner owing to its 
significant positive GCA estimates (0.52) while NIAB-228 showed significantly negative 
GCA effects displaying its poor combining ability regarding the trait (Table 4.2.6). 
Among the male parents, CIM-1100 was considered as the best general combiner (3.36) 
followed by VH-144 (1.49) while significant negative value of GCA effects was recorded 
for CIM-70 followed by S-12 (−3.09 and −2.09 respectively) showing their poor 
combining ability with the lines for lint percentage. 
Specific combining ability (SCA) effects of crosses for lint percentage in cross I 
are displayed in Table 4.2.7. It is evident from the results that the cross NIAB-999 × S-12 
scored the maximum value of SCA effects (2.63) and hence considered as the most 
desirable combination for improving lint percentage followed by BH-89 × NIAB-78 
(1.72). While the cross NIAB-999 × NIAB-78 gave the highest negative value of SCA 
(−2.46) making it the most unfavorable combination considering lint percentage, 
followed by BH-89 × S-12 with a negative value of −2.06. 
In cross II, the maximum positive value of SCA effects (Table 4.2.8) was given 
by the cross (NIAB-228 × BH-160) × S-12 (4.33) indicated as the most desirable 
combinations followed by (NIAB-228 × BH-160) × VH-144 (3.56). Maximum negative 
SCA effects (−4.41) were recorded for (NIAB-228 × BH-160) × Reshmi-90 indicating its 
poor specific combining ability followed by BH-160 × CIM-240 (−4.16). 
4.2.5 Lint index 
Estimation of general combining ability effects for lint index in cross I (Table 
4.2.5) showed that BH-89 gained the highest significant positive value (0.23) and hence 
was good general combiner for this trait while the genotype (NIAB-999 × BH-89) which 
was used as female parent (L3) presented significant negative GCA effects (−0.27) and 
considered as poor combiner for lint index. NIAB-999 showed non-significant results for 
lint index. Three testers displayed significant positive GCA effects including CIM-1100 
with highest significant positive value of 0.70 followed by S-12 and CIM-240 (0.55 and 
0.32, respectively) indicating to possess good general combining ability for the trait while 
CIM-70, VH-144, Russian, FH-634 and CIM-496 presented significant negative GCA 
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estimates (−0.67, −0.32, −0.21, −0.18 and −0.14, respectively) indicating them as poor 
general combiners. 
Combining ability analysis of the data regarding lint index in cross II (Table 
4.2.6) revealed that none of the lines showed significant positive GCA effects whereas 
significant negative value of GCA effects (−0.08) was presented by (NIAB-228 × BH-
160). Among testers, 5 genotypes produced significant positive GCA effects including 
FH-634 with the highest value of 0.60 followed by CIM-1100 (0.31) pointing towards 
their good general combining ability while S-12 exhibited the highest significant but 
negative GCA value (−0.74) followed by CIM-70 (−0.62) and so were considered as poor 
combiner for the trait under discussion. 
Specific combining ability (SCA) effects of crosses for lint index in cross I are 
presented in Table 4.2.9. It is apparent from the results that only 6 crosses showed 
significant positive effects, 7 crosses presented significant negatives SCA value while the 
remaining showed non-significant results regarding lint index. NIAB-999 × CIM-240 
was found to be the most favorable combination scoring the highest positive SCA effects 
(0.60) followed by BH-89 × NIAB-78 (0.56), while NIAB-999 × NIAB-78 presented 
maximum value of negative SCA effects (−0.57) followed by (NIAB-999 × BH-89) × 
CIM-240 (−0.53) and hence were considered as poor combination for the trait. 
Twelve crosses displayed significant positive SCA effects for lint index in the 
second cross (Table 4.2.10) with the highest positive value of SCA effects (1.05) given 
by the combination (NIAB-228 × BH-160) × NIAB-78 indicating as the most desirable 
combination followed by NIAB-228 × CIM-240 (0.77). While 7 crosses presented 
significant negative value of SCA effects pointing towards their poor performance 
regarding lint index. The cross NIAB-228 × NIAB-78 scored maximum negative value of 
−0.94 followed by the cross (NIAB-228 × BH-160) × Reshmi-90 (−0.78). 
4.2.6 Fibre length 
Combining ability analysis of the data regarding fibre length in cross I (Table 
4.2.5) revealed that none of the lines showed significant values of GCA effects. Among 
testers two genotypes displayed significant positive GCA effects including VH-144 with 
a value of 0.72 followed by CIM-240, while S-12 and CIM-70 displayed significant 
negative GCA estimates (−0.54 and −0.46, respectively) indicating their poor combining 
ability for the trait. 
In the second cross, the same situation was observed in the behavior of lines i.e. 
not a single genotype was recorded with significant either, positive or negative, effects of 
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general combining ability (Table 4.2.6). Maximum GCA effects, among testers, were 
recorded for S-12 (1.06) followed by NIAB-78 (0.59) pointing towards their good general 
combining ability for the trait whereas VH-144 and FH-634 showed significant negative 
GCA effects (−1.05 and −0.56, respectively) indicating their poor general combining 
ability for fibre length. 
Specific combining ability (SCA) effects of cross I for fibre length (Table 4.2.9) 
revealed that significant positive SCA effects (0.81) were recorded for the only cross 
NIAB-999 × FH-634 while the crosses (NIAB-999 × BH-89) × FH-634 and (NIAB-999 
× BH-89) × CIM-240 scored significant negative SCA effects indicating their poor 
performance regarding fibre length. 
In cross II (Table 4.2.10), the highest magnitude of positive SCA effects (1.51) 
were given by the cross (NIAB-228 × BH-160) × S-12 marking it as the most desirable 
combination followed by NIAB-228 × VH-144 (1.40) whereas the three way cross 
(NIAB-228 × BH-160) × VH144 showed maximum negative SCA value (−2.04) 
followed by BH-160 × Reshmi-90 (−1.43) marking them as the unfavorable 
combinations for the trait. 
4.2.7 Fibre strength 
General combining ability effects for fibre strength in cross I are presented in 
Table 4.2.5. It is evident from the results that all the three parents used as lines in this 
study showed significant GCA estimates, the highest positive effect (1.37) was observed 
for the genotype (NIAB-999 × BH-89), hence considered to be the best general combiner 
followed by BH-89. While NIAB-999 presented significant negative effects (−1.71), 
which is the indication of its poor general combining ability. Among testers, Reshmi-90 
and NIAB-78 presented significant positive GCA effects (1.09 and 0.90, respectively) 
while CIM-496, CIM-240 and S-12 were considered as the poor combiners with 
significant negative GCA values of −1.10, −0.93 and −0.90, respectively. 
In the second cross, only one line i.e. NIAB-228 displayed significant but 
negative GCA estimates (−0.31) while the other two lines showed positive but non-
significant values (Table 4.2.6). Among the genotypes used as the male parents, 4 
genotypes scored positive and significant GCA estimates including S-12 as the best 
general combiner with a maximum value of 1.53 followed by VH-144 (0.97) while CIM-
240 and Reshmi-90 showed poor general combining ability scoring significant negative 
GCA values of −1.77 and −1.26, respectively.  
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Specific combining ability (SCA) effects of crosses for fibre strength in cross I 
are presented in Table 4.2.9. The three way crosses, (NIAB-999 × BH-89) × VH-144 and 
(NIAB-999 × BH-89) × CIM-1100 were recorded as the favorable combinations with 
significant positive values of SCA effects (4.01 and 3.74, respectively). Whereas the 
single cross NIAB-999 × CIM-1100 was characterized as the poorest combination 
regarding fibre strength as indicated by highest negative SCA effects (−4.31) closely 
followed by three way cross (NIAB-999 × BH-89) × Russian (−4.26).   
In cross II, (Table 4.2.10) the maximum positive value of SCA effects (3.68) was 
given by the combination NIAB-228 × Russian marking it as the best cross for increasing 
fibre strength followed by NIAB-228 × CIM-240 (3.35) while the combinations NIAB-
228 × S-12 and NIAB-228 × CIM-1100 were considered as poor with significant 
negative SCA effects of −4.71 and −3.26, respectively. 
4.2.8 Fibre fineness 
 General combining ability effects of fibre fineness in cross I are displayed in 
Table 4.2.5. For fiber fineness, the genotypes with low micronaire value are desirable due 
to higher fibre fineness, so the parents and genotypes exhibiting lower GCA and SCA 
effects were preferred for the trait. Significant negative GCA estimates (−0.21) were 
presented by the line NIAB-999, indicating good general combining ability. While the 
female parent (NIAB-999 × BH-89) was considered to be poor general combiner for 
which significantly positive GCA estimates (0.21) were recorded. Among testers, 
Russian and NIAB-78 displayed significantly higher GCA effects of equal value (−0.23) 
and hence proved to be good general combiners while FH-634 presented the highest 
significant positive GCA effects (0.37) and hence was considered as poor combiner for 
the trait. 
 The line BH-160 displayed significantly lower GCA effects (−0.22) which was 
indication of its good general combiner ability for fibre fineness (Table 4.2.6). (NIAB-
228 × BH-160) was considered as poor general combiner due to the highest GCA effects 
(0.16). Among male parents, CIM-240 scored maximum negative value of GCA effects 
(−0.39), followed by CIM-496 (−0.30), while CIM-70 was indicated as poor combiner 
for the trait exhibiting higher GCA value (0.38).  
Highly significant lower SCA effects (−0.43) were observed for the crosses 
(NIAB-89 × CIM-70 and (NIAB-999 × BH-89) × Reshmi-90, and so were considered as 
the most favorable combinations for improving fibre fineness (Table 4.2.9). Whereas 
76 
 
Table 4.2.9 Specific combining ability effects of crosses for lint index, fibre length, fibre 
strength and fibre fineness in cross I of G. hirsutum L. 
Cross Lint index 
Fibre 
length 
Fibre strength 
Fibre 
fineness 
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
0.27* 
0.44** 
0.14NS 
−0.37** 
−0.32** 
−0.02NS 
0.05NS 
−0.57** 
0.60** 
−0.23NS 
−0.40** 
−0.00NS 
−0.36** 
0.15NS 
0.07NS 
0.15NS 
0.13NS 
0.56** 
−0.07NS 
−0.22NS 
0.13NS 
−0.44** 
0.22NS 
0.22NS 
0.24* 
−0.13NS 
−0.18NS 
0.01NS 
−0.53** 
0.45** 
−0.22NS 
0.30NS 
0.04NS 
−0.93* 
−0.55NS 
0.81* 
−0.17NS 
0.37NS 
0.64NS 
−0.29NS 
−0.27NS 
−0.53NS 
−0.62NS 
0.32NS 
0.23NS 
0.55NS 
−0.13NS 
−0.42NS 
0.42NS 
0.45NS 
0.49NS 
0.23NS 
0.58NS 
0.61NS 
0.32NS 
−1.36** 
0.30NS 
0.04NS 
−1.06** 
−0.16NS 
1.93** 
2.36** 
−1.03* 
−4.31** 
2.95** 
−2.49** 
1.20** 
−1.80** 
2.67** 
−1.48** 
0.18NS 
1.90** 
1.01* 
0.57NS 
0.86NS 
0.49NS 
−1.05* 
0.41NS 
−1.85** 
−2.53** 
−2.12** 
−4.26** 
0.02NS 
3.74** 
−3.80** 
2.00** 
−0.15NS 
1.38** 
−0.82NS 
4.01** 
0.14NS 
0.12NS 
−0.16NS 
0.05NS 
0.25** 
−0.08NS 
0.23* 
0.02NS 
−0.39** 
−0.19* 
−0.43** 
0.21* 
0.14NS 
−0.32** 
0.18NS 
−0.29** 
0.16NS 
0.28** 
−0.03NS 
0.10NS 
0.29** 
−0.33** 
0.02NS 
0.27** 
−0.43** 
0.37** 
−0.39** 
−0.30** 
0.42** 
0.09NS 
S.E. 0.120 0.377 0.455 0.096 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.2.10 Specific combining ability effects of crosses for lint index, fibre length, 
fibre strength and fibre fineness in cross II of G. hirsutum L. 
Cross Lint index Fibre length 
Fibre 
strength 
Fibre 
fineness 
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
−0.26* 
0.18NS 
0.03NS 
0.31** 
0.34** 
0.16NS 
0.02NS 
−0.94** 
0.77** 
−0.60** 
0.30** 
0.41** 
0.33** 
0.38** 
0.44** 
−0.65** 
−0.67** 
−0.11NS 
−0.37** 
−0.06NS 
−0.04NS 
−0.59** 
−0.36** 
−0.69** 
−0.78** 
0.50** 
0.65** 
1.05** 
−0.40** 
0.66** 
−0.05NS 
−1.03* 
0.12NS 
−0.12NS 
0.42NS 
−0.13NS 
−0.82NS 
0.85* 
−0.65NS 
1.40** 
0.30NS 
−0.21NS 
−0.40NS 
0.44NS 
−1.43** 
0.93* 
−0.70NS 
0.40NS 
0.00NS 
0.65NS 
−0.26NS 
1.23** 
0.28NS 
−0.32NS 
1.01* 
−0.80NS 
1.51** 
−1.26** 
0.64NS 
−2.04** 
0.65NS 
3.68** 
0.34NS 
−3.26** 
0.44NS 
1.22** 
−4.71** 
0.87* 
3.35** 
−2.59** 
−1.08* 
−1.05* 
0.45NS 
2.08** 
1.25** 
0.32NS 
2.66** 
−2.50** 
−2.81** 
0.68NS 
0.42NS 
−2.62** 
−0.79NS 
1.18** 
−1.69** 
−1.55** 
2.05** 
1.63** 
−0.55NS 
1.91** 
0.41** 
0.37** 
−0.04NS 
−0.10NS 
−0.14* 
−0.29** 
−0.13* 
−0.08NS 
−0.19** 
0.19** 
0.10NS 
0.05NS 
−0.02NS 
−0.08NS 
−0.39** 
−0.30** 
−0.05NS 
−0.26** 
0.60** 
0.34** 
−0.51** 
−0.42** 
0.07NS 
0.18** 
0.53** 
0.59** 
0.18** 
0.33** 
−0.41** 
−0.53** 
S.E. 0.108 0.413 0.414 0.056 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
78 
 
significantly higher SCA effects (0.42) were recorded for (NIAB-999 × BH-89) × CIM-
240, indicating as the most unfavorable combination considering the trait. 
4.2.9 Seed number per boll 
Combining ability analysis of the data regarding seed number per boll in cross I 
(Table 4.2.11) revealed that the highest significant and positive value (1.18) for general 
combining ability (GCA) effects was presented by NIAB-999 × BH-89 which depicted 
that this genotype proved to be good general combiner for the trait while the line NIAB-
999 produced highest negative GCA estimates (−1.38) depicting its poor ability to 
combine with the testers. Among testers highest GCA estimates for the trait were 
exhibited by NIAB-78 (1.73), followed by Russian (1.36). While significant and negative 
GCA effects were presented by S-12 (−3.35) and FH-634 (−1.87), which showed their 
poor general combining ability. 
In cross II, the line BH-160 showed the highest positive GCA estimates for 
number of seeds per boll (Table 4.2.12) while NIAB-228 and NIAB-228 × BH-160 
exhibited significant negative GCA effects (−1.51 and −0.84, respectively) for the trait. 
Maximum GCA effects, among testers, were showed by S-12 (which also gave highest 
significant negative GCA effects in cross I) followed by CIM-496 (4.51 and 2.31, 
respectively) whereas the highest significant but negative GCA effects were exhibited by 
FH-634 (−3.35) followed by CIM-240 (−2.89) which were considered as the poor general 
combiner for improving the trait. 
Specific combining ability (SCA) effects of cross I for number of seeds per boll 
(Table 4.2.13) revealed that 12 out of 30 crosses showed significant positive SCA 
estimates including the cross NIAB-999 × VH-144 with the highest SCA effects (3.78), 
followed by (NIAB-999 × BH-89) × Russian (3.63) which may be considered as 
desirable combination for improvement in the trait while 11 crosses gave significant 
negative estimates for SCA including the cross NIAB-999 × Russian being at the top 
indicating as the most undesirable combination for improving the trait followed by 
(NIAB-999 × BH-89) × Reshmi-90. 
In the second cross, thirteen combinations showed significant positive, 10 
significant negative while the remaining presented non-significant results of specific 
combining ability for number of seeds per boll (Table 4.2.14). The highest magnitude of 
positive SCA effects were given by the combination (NIAB-228 × BH-160) × Reshmi-90 
(8.03), whereas maximum negative SCA effects were estimated for the cross BH-160 × 
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Reshmi-90 (−7.16) followed by NIAB-228 × FH-634 (−5.89) depicting unfavorable 
combinations for the trait. 
4.2.10 Seed mass per boll 
General combining ability effects for seed mass per boll in cross I are presented in 
Table 4.2.11. It is evident from the results that out of three parents used as lines in this 
study only one showed significant positive GCA estimates, the other showed significant 
negative effects while the third remained non-significant. The genotype NIAB-999 × BH-
89 proved to be the best general combiner with significant and positive value of 0.09 
while NIAB-999 showed significant negative GCA effects (−0.11) for the trait. Among 
testers only 2 out of 10 presented significant positive GCA effects, Reshmi-90 being the 
best general combiner with highest GCA effects (0.19) followed by CIM-70 (0.12). 
Whilst three testers showed significant negative values including S-12 (−0.18) and VH-
144 (−0.16) which were to be considered as poor general combiners while the remaining 
showed non-significant results. 
All the three female parents used in the second cross showed significant GCA 
estimates, the highest positive GCA effects were presented by BH-160, and proved to be 
the best general combiner for the trait while the parents, NIAB-228 × BH-160 and NIAB-
228 showed significant negative GCA value of −0.06 and −0.04, respectively (Table 
4.2.12). Among the genotypes used as the male parents, CIM-496 expressed itself to be 
the best general combiner with the highest GCA effects (0.26) followed by CIM-70 
(0.20). CIM-240 was considered as the poorest general combiner as indicated by its 
highest negative GCA effects (−0.21) followed by Russian (−0.19).  
Specific combining ability (SCA) effects of crosses for seed number per boll in 
cross I are presented in Table 4.2.13. Single cross NIAB-999 × VH-144 exhibited the 
highest, significant and positive SCA effects (0.25) followed by the three way cross 
(NIAB-999 × BH-89) × CIM-1100 (0.24) which may be considered as desirable 
combinations for seed mass per boll. (NIAB-999 × BH-89) × Reshmi-90 proved to be the 
poorest combination for the trait under study followed by NIAB-999 × CIM-1100 with 
negative SCA effects of −0.22 and −0.21, respectively.   
Maximum positive value of SCA effects (Table 4.2.14) was showed by the 
combination (NIAB-228 × BH-160) × Reshmi-90 (0.48), followed by NIAB-228 × S-12 
(0.32) which were to be considered as favorable combinations regarding improvement in 
seed mass per boll in second cross. While the combinations NIAB-228 × FH-634 and 
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BH-160 × Reshmi-90 were considered as poor with negative SCA effects of −0.41 and 
−0.38, respectively. 
4.2.11 Lint mass per boll 
Combining ability analysis of the data regarding lint mass per boll in cross I 
(Table 4.2.11) revealed that the highest significant and positive value (0.08) for general 
combining ability (GCA) effects was presented by the line BH-89 which depicted that 
this variety proved to be good general combiner for the trait while the line (NIAB-999 × 
BH-89) produced significant negative GCA estimates (−0.07) depicting its poor ability to 
combine with the testers used. Among testers highest GCA estimates for the trait were 
exhibited by NIAB-78 (0.18) followed by CIM-240 (0.14) while significantly negative 
GCA estimates were presented by FH-634 (−0.21), followed by CIM-70 (−0.18) which 
showed their poor general combining ability. 
In cross II, the line BH-160 showed the highest positive GCA estimates (0.16) for 
lint mass per boll (Table 4.2.12) while NIAB-228 and (NIAB-228 × BH-160) exhibited 
significant negative GCA effects i.e. −0.09 and −0.06, respectively for the trait. 
Maximum GCA effects, among testers, were shown byCIM-496 (0.20), followed by 
CIM-240 (0.18), whereas the highest significant but negative GCA effects were exhibited 
by CIM-70 and Russian both in equal strength (−0.17) followed by Reshmi-90 (−0.16) 
which were considered as the poor combiner for improving the trait. 
Specific combining ability (SCA) effects of cross I for lint mass per boll (Table 
4.2.13) revealed that 8 crosses showed significant positive SCA effects which may be 
considered as desirable combination for improvement in the trait including the cross 
(NIAB-999 × BH-89) × CIM-1100 with the highest SCA effects (0.30) followed by 
NIAB-999 × CIM-496 (0.25). Whereas, 11 crosses displayed significant negative 
estimates for SCA including the cross NIAB-999 × CIM-1100 being at the top (−0.29) 
indicating as the most undesirable combination for improving the trait followed by BH-
89 × CIM-240. 
Fourteen crosses showed significant positive, thirteen crosses displayed 
significant negative while the remaining produced non-significant results of specific 
combining ability effects for lint mass per boll in the second cross (Table 4.2.14). The 
highest magnitude of positive SCA effects were given by the combination (NIAB-228 × 
BH-160) × FH-634 (0.43), followed by (NIAB-228 × BH-160) × NIAB-78 (0.35). 
Whereas maximum negative SCA value was estimated for the cross (NIAB-228 × BH-
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160) × CIM-240 (−0.41), followed by BH-160 × S-12 (−0.26) depicting unfavorable 
combinations for the trait. 
4.2.12 Lint mass per seed 
General combining ability effects for lint mass per seed in cross I are presented in 
Table 4.2.11. It is evident from the results that all three parents used as lines in this study 
showed significant GCA effects. Significant positive GCA estimates of equal value 
(0.003) were presented by the lines NIAB-999 and BH-89, while the genotype (NIAB-
999 × BH-89) proved to be poor general combiner with significant and negative value for 
the trait (−0.002). Among testers, CIM-1100, S-12 and CIM-240 presented highest 
significant positive GCA effects of equal strength (0.01) followed by NIAB-78 (0.003). 
CIM-70 showed significant negative value (−0.01) followed by Russian (−0.003) and 
hence were considered as poor general combiners. 
In cross II, the line BH-160 produced significant positive GCA effects (0.003), 
while significant negative general combining ability effects were presented by NIAB-228 
× BH-160 (−0.002). NIAB-228 produced non-significant results for GCA effects (Table 
4.2.12). Among the genotypes used as the male parents, FH-634 and CIM-240 revealed 
to possess good general combining ability effects for the trait with significant value of 
equal magnitude (0.01). CIM-70, Reshmi-90 and S-12 were considered as the poorest 
general combiners as indicated by their highest negative GCA effects (−0.01).  
Specific combining ability (SCA) effects of crosses for lint mass per seed in cross 
I are presented in Table 4.2.13. NIAB-999 × CIM-496, NIAB-999 × CIM240, BH-89 × 
S-12, BH-89 × NIAB-78 and (NIAB-999 × BH-89) × VH-144 exhibited the highest, 
significant and positive SCA effects of equal magnitude (0.01) which may be considered 
as the most favorable combinations for improving lint mass per seed. NIAB-999 × S-12, 
BH-89 × CIM-496 and (NIAB-999 × BH-89) × CIM-240 proved to be the poorest 
combinations with equal value of significant negative SCA effects for the trait under 
study. 
Maximum positive value of SCA effects in cross II was displayed by the 
combination (NIAB-228 × BH-160) × NIAB-78 (0.02) followed by NIAB-228 × FH-634, 
NIAB-228 × CIM-240, BH-160 × CIM-496, BH-160 × CIM-240, (NIAB-228 × BH-160) 
× FH-634 and (NIAB-228 × BH-160) × S-12 with an equal magnitude of SCA 
effects(0.01) which are to be considered as favorable combinations regarding 
improvement in lint mass produced on single seed basis. The highest significant and 
negative SCA effects were recorded for the cross BH-160 × FH-634 (−0.02) followed by 
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Table 4.2.11 General combining ability effects of lines and testers for within-boll yield 
components of cross I in G. hirsutum L. 
 Seed 
number/ 
boll 
Seed 
mass/ 
boll 
Lint 
mass/ 
boll 
Lint 
mass/ 
seed 
Seed 
index 
Seed 
volume/100 
seeds 
Seed 
density 
Seed 
surface 
area 
Lines 
NIAB-999 
BH-89 
NIAB-999 × BH-89 
S.E. Lines 
−1.38** 
0.20NS 
1.18** 
0.198 
−0.11** 
0.02NS 
0.09** 
0.014 
−0.00NS 
0.08** 
−0.07** 
0.012 
0.003** 
0.003** 
−0.002** 
0.001 
0.08** 
0.04* 
−0.12** 
0.017 
−0.08** 
0.13** 
−0.06** 
0.016 
0.02** 
−0.01** 
−0.01** 
0.003 
−0.01** 
0.01** 
−0.01** 
0.002 
Testers 
CIM-70 
Russian 
CIM-496 
CIM-1100 
Reshmi-90 
FH-634 
S-12 
NIAB-78 
CIM-240 
VH-144 
S.E. Testers 
1.28** 
1.36** 
1.17** 
−1.33** 
1.34** 
−1.87** 
−3.35** 
1.73** 
−0.04NS 
−0.30NS 
0.362 
0.12** 
0.04NS 
0.04NS 
0.03NS 
0.19** 
−0.08** 
−0.18** 
0.04NS 
−0.04NS 
−0.16** 
0.026 
−0.18** 
−0.05* 
0.07** 
0.11** 
0.02NS 
−0.21** 
0.00NS 
0.18** 
0.14** 
−0.10** 
0.022 
−0.01** 
−0.003** 
0.00NS 
0.01** 
−0.00NS 
−0.002** 
0.01** 
0.003** 
0.01** 
−0.002** 
0.001 
−0.01NS 
−0.23** 
0.03NS 
0.29** 
0.24** 
−0.18** 
0.15** 
0.24** 
0.12** 
−0.66** 
0.031 
−0.12** 
−0.37** 
0.22** 
0.72** 
0.44** 
0.16** 
0.04NS 
−0.25** 
−0.12** 
−0.72** 
0.029 
0.01** 
0.01NS 
−0.02** 
−0.04** 
−0.02** 
−0.04** 
0.02** 
0.06** 
0.03** 
−0.01NS 
0.005 
−0.01** 
−0.04** 
0.02** 
0.07** 
0.05** 
0.02** 
0.00NS 
−0.03** 
−0.01** 
−0.07** 
0.003 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.2.12 General combining ability effects of lines and testers for within-boll yield 
components of cross II in G. hirsutum L. 
 Seed 
number
/ boll 
Seed 
mass/ 
boll 
Lint 
mass/ 
boll 
Lint 
mass/ 
seed 
Seed 
index 
Seed 
volume/
100 
seeds 
Seed 
density 
Seed 
surface 
area 
Lines 
NIAB-228 
BH-160 
NIAB-228 × BH-160 
S.E. Lines 
−1.51** 
2.35** 
−0.84** 
0.179 
−0.04** 
0.10** 
−0.06** 
0.012 
−0.09** 
0.16** 
−0.06** 
0.011 
−0.00NS 
0.003** 
−0.002* 
0.001 
0.13** 
−0.04NS 
−0.10** 
0.021 
0.04** 
0.16** 
−0.20** 
0.015 
0.01** 
−0.02** 
0.01** 
0.003 
0.01** 
0.02** 
−0.02** 
0.002 
Testers 
CIM-70 
Russian 
CIM-496 
CIM-1100 
Reshmi-90 
FH-634 
S-12 
NIAB-78 
CIM-240 
VH-144 
S.E. Testers 
2.19** 
−2.88** 
2.31** 
−1.42** 
−0.61NS 
−3.35** 
4.51** 
2.09** 
−2.89** 
0.06NS 
0.326 
0.20** 
−0.19** 
0.26** 
−0.09** 
0.07** 
−0.17** 
0.17** 
0.00NS 
−0.21** 
−0.05* 
0.022 
−0.17** 
−0.17** 
0.20** 
−0.06** 
−0.16** 
0.13** 
−0.14** 
0.10** 
0.18** 
0.09** 
0.021 
−0.01** 
−0.002* 
0.003** 
−0.00NS 
−0.01** 
0.01** 
−0.01** 
0.00NS 
0.01** 
0.002* 
0.001 
−0.15** 
−0.28** 
0.45** 
−0.44** 
0.13** 
0.68** 
−0.65** 
−0.32** 
0.69** 
−0.13** 
0.038 
0.33** 
0.13** 
0.09** 
0.00NS 
−0.12** 
0.27** 
−0.11** 
−0.39** 
−0.15** 
−0.05NS 
0.026 
−0.06** 
−0.05** 
0.05** 
−0.06** 
0.04** 
0.05** 
−0.06** 
−0.00NS 
0.11** 
−0.01* 
0.006 
0.03** 
0.01** 
0.01** 
0.00NS 
−0.01** 
0.03** 
−0.01** 
−0.04** 
−0.02** 
−0.00ns 
0.003 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.2.13 Specific combining ability effects of crosses for seed number per boll, seed 
mass per boll, lint mass per boll and lint mass per seed in cross I of G. hirsutum L. 
Cross 
Seed 
number/ boll 
Seed 
mass/boll 
Lint mass/ 
boll 
Lint 
mass/seed 
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
1.87** 
−5.17** 
1.32* 
−3.16** 
0.88NS 
−2.48** 
1.61* 
2.69** 
−1.32* 
3.78** 
1.12NS 
1.54* 
1.81** 
−0.45NS 
2.84** 
0.62NS 
−1.71** 
−3.33** 
−1.32* 
−1.13NS 
−2.99** 
3.63** 
−3.13** 
3.61** 
−3.72** 
1.86** 
0.10NS 
0.64NS 
2.64** 
−2.65** 
0.17** 
−0.15** 
−0.06NS 
−0.21** 
0.05NS 
−0.17** 
0.12** 
−0.00NS 
0.01NS 
0.25** 
−0.07NS 
0.05NS 
0.19** 
−0.03NS 
0.17** 
0.07NS 
−0.12** 
−0.10* 
0.04NS 
−0.18** 
−0.10* 
0.10* 
−0.13** 
0.24** 
−0.22** 
0.11* 
0.00NS 
0.11* 
−0.05NS 
−0.07NS 
0.14** 
−0.12** 
0.25** 
−0.29** 
−0.09* 
−0.09* 
−0.09* 
0.06NS 
0.19** 
0.05NS 
−0.10* 
0.08* 
−0.13** 
−0.00NS 
0.14** 
0.11** 
0.13** 
0.02NS 
−0.14** 
−0.11** 
−0.04NS 
0.04NS 
−0.11** 
0.30** 
−0.04NS 
−0.02NS 
−0.04NS 
−0.09* 
−0.05NS 
0.06NS 
0.00NS 
0.00NS 
0.01** 
−0.003** 
−0.0024* 
−0.00NS 
−0.01** 
−0.00NS 
0.01** 
−0.0023* 
−0.003** 
−0.00NS 
−0.01** 
0.00NS 
−0.00NS 
0.00NS 
0.01** 
0.01** 
−0.00* 
−0.00NS 
0.00NS 
−0.00NS 
0.00NS 
0.0023* 
0.0023* 
−0.00NS 
−0.00NS 
−0.0024* 
−0.01** 
0.01** 
S.E. 0.627 0.046 0.038 0.002 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.2.14 Specific combining ability effects of crosses for seed number per boll, seed 
mass per boll, lint mass per boll and lint mass per seed in cross II of G. hirsutum L. 
Cross 
Seed 
number/ boll 
Seed 
mass/boll 
Lint 
mass/boll 
Lint 
mass/seed 
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
−1.40* 
−4.40** 
3.63** 
2.41** 
−0.87NS 
−5.89** 
1.63** 
3.52** 
−1.44* 
2.81** 
1.44* 
0.27NS 
−4.27** 
0.47NS 
−7.16** 
3.62** 
1.30* 
−0.29NS 
2.22** 
2.42** 
−0.04NS 
4.13** 
0.65NS 
−2.88** 
8.03** 
2.27** 
−2.93** 
−3.22** 
−0.78NS 
−5.22** 
−0.09* 
−0.27** 
0.19** 
0.15** 
−0.10** 
−0.41** 
0.32** 
0.01NS 
−0.00NS 
0.20** 
0.13** 
0.21** 
−0.26** 
0.10* 
−0.38** 
0.30** 
−0.11** 
−0.06NS 
0.03NS 
0.04NS 
−0.04NS 
0.06NS 
0.07NS 
−0.25** 
0.48** 
0.11** 
−0.21** 
0.05NS 
−0.03NS 
−0.25** 
−0.08* 
−0.10** 
0.08* 
0.25** 
0.13** 
−0.20** 
0.12** 
−0.19** 
0.08* 
−0.10** 
0.08* 
0.09* 
0.09* 
0.01NS 
−0.21** 
−0.23** 
−0.26** 
−0.16** 
0.34** 
0.25** 
−0.01NS 
0.01NS 
−0.17** 
−0.26** 
0.08* 
0.43** 
0.14** 
0.35** 
−0.41** 
−0.15** 
−0.00NS 
0.0024** 
−0.003** 
0.0026** 
0.0025** 
0.01** 
0.00NS 
−0.01** 
0.01** 
−0.01** 
0.00NS 
0.002* 
0.01** 
0.0026** 
0.0024** 
−0.02** 
−0.01** 
−0.01** 
0.01** 
0.0025** 
0.00NS 
−0.01** 
−0.01** 
−0.01** 
−0.01** 
0.01** 
0.01** 
0.02** 
−0.01** 
0.0025** 
S.E. 0.565 0.038 0.036 0.001 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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NIAB-228 × NIAB78 and NIAB-228 × VH-144 with equal strength and hence were 
considered as unfavorable combinations regarding the trait (Table 4.2.14).  
4.2.13 Seed index 
Combining ability analysis of the data regarding seed index in cross I revealed 
that the highest positive and significant general combining ability (GCA) effects were 
presented by the line NIAB-999 (0.08) followed BH-89 (0.04) which depicted that these 
genotypes proved to be good general combiner for the trait under study (Table 
4.2.11).The genotype (NIAB-999 × BH-89) produced highest negative GCA estimates 
(−0.12) for the trait. Among testers highest GCA estimates for the trait under discussion 
were exhibited by CIM-1100 (0.29), followed by Reshmi-90 and NIAB-78 both with an 
equal magnitude of 0.24 while maximum, significant but negative GCA estimates were 
presented by VH-144 (−0.66) which showed its poor combining ability with the lines 
under study. 
In the second cross, the line NIAB-228 showed the highest positive GCA 
estimates (0.13) for the trait (Table 4.2.12) while (NIAB-228 × BH-160) exhibited 
negative GCA effects (−0.10) for the trait. Maximum GCA value, among testers, for the 
trait was presented by CIM-240 followed by FH-634 (0.69 and 0.68, respectively) 
whereas significant but negative GCA effects (−0.65) were exhibited by S-12 which 
proved it as a poor general combiner with lines under study. 
Specific combining ability (SCA) effects of crosses for seed index of cross I are 
presented in Table 4.2.15. The results revealed that the cross BH-89 × S-12 showed the 
highest SCA effects (0.72) which may be consider as the best combination for 
improvement in the trait under study followed by NIAB-999 × CIM-240 (0.65) while 
maximum negative SCA value was given by (NIAB-999 × BH-89) × CIM-240 (−0.77) 
followed by NIAB-999 × S-12 (−0.63) which may be regarded as bad combinations for 
the trait. 
The highest magnitude of positive SCA effects were given by the cross (NIAB-
228 × BH-160) × NIAB-78 (1.54) representing its good performance for the trait while 
the cross (NIAB-228 × BH-160) × CIM-240 displayed maximum negative SCA value 
(−0.97), closely followed by NIAB-228 × NIAB-78 (−0.93) indicating their poor 
performance regarding the trait of interest in second cross (Table 4.2.16).  
4.2.14 Seed volume per 100 seeds 
General combining ability effects of lines and testers in cross I are presented in 
Table 4.2.11. All the three genotypes used as female parents exhibited significant GCA 
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effects, BH-89 showed significant positive GCA estimates which indicated its good 
ability for various combinations for improving the trait, the other two parents i.e. NIAB-
999 and NIAB-999 × BH-89 presented significant negative estimates of general 
combining ability. Among 10 male parents used in this study, 4 presented significant 
positive results and were considered to posses good general combing ability including 
CIM-1100 with maximum (0.72) GCA effects followed by Reshmi-90 (0.44) while 5 
testers displayed negative estimates of GCA which indicated their poor general 
combining ability for the trait. VH-144 showed the highest negative GCA effects (−0.72) 
followed by Russian (−0.37). 
In the second cross, the highest positive GCA effects, among lines, were 
presented by BH-160 (0.16) which proved it the best general combiner for seed volume 
followed by NIAB-228 (0.04). While the parent (NIAB-228 × BH-160) displayed 
significant negative GCA effects proving its poor combining ability (Table 4.2.12). 
Among the genotypes used as the male parents, CIM-70 expressed itself to be the best 
general combiner with the highest GCA effects (0.33) followed by FH-634 (0.27). NIAB-
78 was considered as the poorest general combiner as indicated by its highest negative 
value of GCA effects (−0.39).  
Specific combining ability (SCA) effects of crosses for seed volume per 100 seeds 
of cross I are presented in Table 4.2.15. Eleven crosses presented significant positive 
values which may be considered as desirable combinations in cross I including NIAB-
999 × CIM-70, NIAB-999 × CIM-240, BH-89 × S-12, BH-89 × NIAB-78, (NIAB-999 × 
BH-89) ×VH-144 etc. The single cross NIAB-999 × CIM-70 exhibited the highest, 
significant and positive SCA effects (0.83) closely followed by the three way cross 
(NIAB-999 × BH-89) × VH-144 (0.81). Fourteen crosses showed significant negative 
SCA effects including NIAB-999 × S-12 as the poorest combination for the trait under 
study followed by BH-89 × CIM-70 with negative SCA effects of −1.03 and −1.01, 
respectively.   
In second cross, fourteen combinations were favorable for improving the trait 
(Table 4.2.16), the maximum positive value of SCA effects was given by the combination 
(NIAB-228 × BH-160) × S-12 (0.76), followed by NIAB-228 × CIM-240 (0.64) which 
were to be considered as desirable combinations regarding improvement in seed volume 
per 100 seeds. While 11 crosses presented significant negative SCA values hence were 
listed as unfavorable combinations. The cross NIAB-228 × S-12 displayed the highest 
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significant negative value of SCA effects (−1.18) followed by (NIAB-228 × BH-160) × 
Reshmi-90 (−0.86). 
4.2.15 Seed density 
Estimation of general combining ability effects for seed density in cross I (Table 
4.2.11) showed that NIAB-999 gained the highest significant positive value (0.02) and 
hence was recorded as good general combiner for the trait while the other two lines i.e. 
BH-89 and (NIAB-999 × BH-89) presented significantly negative GCA effects of equal 
magnitude (0.01) and hence considered as poor combiner. NIAB-78, among testers, 
exhibited significant highest positive GCA effects (0.06) indicating its good ability to 
combine with lines for the trait followed by CIM-240 (0.03) while CIM-1100 and FH-
634 showed significant negative GCA estimates and were indicated as poor general 
combiners.  
Combining ability analysis of seed density in cross II revealed that the female 
parent NIAB-228 and (NIAB-228 × BH-160) proved best combiner as indicated by their 
equal magnitude of significant and positive GCA effects (0.01). Significant negative 
value of GCA effects was presented by the line BH-160 and hence was considered as 
poor combiner for the trait.  Among testers, CIM-240 showed significant positive GCA 
effects (0.11) followed by CIM-496 and FH-634 with equal strength of GCA effects 
(0.05) while CIM-70 and S-12 exhibited highest significant but negative GCA value 
(−0.06) and so were considered as poor combiner for the trait under discussion (Table 
4.2.12). 
Specific combining ability (SCA) effects of crosses for seed density in cross I are 
presented in Table 4.2.15. The results revealed that NIAB-999 × S-12, BH-89 × CIM-70, 
(NIAB-999 × BH-89) × CIM-70 and (NIAB-999 × BH-89) × CIM-1100 presented the 
highest positive SCA effects of equal magnitude (0.04) and were considered as most 
favorable combinations for improving the trait. While NIAB-999 × CIM-70 presented 
highest significant and negative SCA effects (−0.08) followed by (NIAB-999 × BH-89) × 
S-12 (−0.05) and hence were considered as most undesirable combinations for the trait. 
In cross II, the maximum positive value of SCA effects was given by the 
combination NIAB-228 × S-12 (0.22) followed by (NIAB-228 × BH-160) × NIAB-78 
(0.15) indicating as the most desirable combinations (Table 4.2.16). The cross NIAB-228 
× NIAB-78 and BH-160 × S-12 were considered as poor performing combinations with 
the highest significant negative SCA effect of equal value (−0.13). 
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4.2.16 Seed surface area 
General combining ability effects of seed surface area in cross I are displayed in 
Table 4.2.11. Significant results were recorded for all the three female parents, BH-89 
proved to be the best general combiner among lines with significant positive value (0.01) 
while NIAB-999 and NIAB-999 × BH-89 produced significant negative GCA effects 
equal in magnitude indicating their poor general combining ability with the male parents. 
CIM-1100, Reshmi-90, CIM-496 and FH-634, among testers, displayed significant 
positive GCA effects and hence proved to be good general combiners whereas VH-144, 
Russian, NIAB-78, CIM-70 and CIM-240 presented significant negative values of GCA 
effects i.e. −0.07, −0.04, −0.03, −0.01 and −0.01, respectively, indicating their poor 
general combining ability for the trait. 
 In the second cross, the line BH-160 was recorded as the best general combiner 
showing significant positive value (0.02) of GCA effects followed by NIAB-228 (0.01) 
while (NIAB-228 × BH-160) showed poor general combining ability for the trait with 
negative GCA effects (−0.02). Among the male parents, CIM-70 and FH-634 presented 
highest significant positive GCA effects equal in magnitude (0.03) followed by Russian 
and CIM-496 (0.01 for each) while NIAB-78 exhibited highest significant but negative 
GCA value (−0.04) followed by CIM-240 (−0.02) and so were considered as poor 
combiner for the trait under discussion (Table 4.2.12). 
Specific combining ability (SCA) effects of crosses for seed surface area in cross 
I are displayed in Table 4.2.15. It is evident from the results that 11 crosses showed 
significant positive effects, 14 presented significant negative SCA value while the 
remaining showed non-significant results for the trait. Most favorable combination was 
NIAB-999 × CIM-70 with highest significant positive SCA effects (0.09) followed by 
NIAB-999 × CIM-240 and (NIAB-999 × BH-89) × VH-144 with equal value (0.08). 
While NIAB-999 × S-12 displayed maximum negative value (−0.11) followed by BH-89 
× CIM-70 (−0.10). 
In cross II, the maximum positive value of SCA effects was given by the cross 
(NIAB-228 × BH-160) × S-12 (0.08) indicated as the most desirable combination 
followed by the cross NIAB-228 × CIM-240 (0.06). Significant negative SCA effects 
were recorded for 10 combinations including NIAB-228 × S-12 with maximum value 
(−0.12) considered as the most undesirable combination for seed surface area (Table 
4.2.16). 
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Table 4.2.15 Specific combining ability effects of crosses for seed index, seed volume 
per 100 seeds, seed density and seed surface area in cross I of G. hirsutum L. 
Cross 
Seed index Seed volume/100 
seeds 
Seed 
density 
Seed surface 
area 
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
0.10NS 
0.49** 
0.03NS 
−0.16** 
−0.13* 
−0.06NS 
−0.63** 
−0.23** 
0.65** 
−0.06NS 
−0.55** 
−0.24** 
−0.11NS 
−0.03NS 
−0.11* 
0.26** 
0.72** 
0.39** 
0.13* 
−0.46** 
0.45** 
−0.25** 
0.08NS 
0.19** 
0.24** 
−0.20** 
−0.09NS 
−0.17** 
−0.77** 
0.52** 
0.83** 
0.48** 
−0.08NS 
0.09NS 
−0.33** 
0.05NS 
−1.03** 
−0.48** 
0.80** 
−0.33** 
−1.01** 
−0.23** 
0.28** 
0.04NS 
−0.15** 
0.33** 
0.72** 
0.58** 
−0.08NS 
−0.48** 
0.18** 
−0.24** 
−0.20** 
−0.13** 
0.48** 
−0.38** 
0.31** 
−0.10* 
−0.72** 
0.81** 
−0.08** 
0.01NS 
0.01NS 
−0.03** 
0.02NS 
−0.02NS 
0.04** 
0.03** 
−0.01NS 
0.03** 
0.04** 
−0.00NS 
−0.04** 
−0.01NS 
0.00NS 
−0.00NS 
0.01NS 
−0.02* 
0.03** 
−0.01NS 
0.04** 
−0.00NS 
0.03** 
0.04** 
−0.02* 
0.02NS 
−0.05** 
−0.01NS 
−0.02* 
−0.02** 
0.09** 
0.05** 
−0.01NS 
0.01NS 
−0.03** 
0.00NS 
−0.11** 
−0.05** 
0.08** 
−0.03** 
−0.10** 
−0.02** 
0.03** 
0.00NS 
−0.01** 
0.03** 
0.07** 
0.06** 
−0.01NS 
−0.05** 
0.02** 
−0.02** 
−0.02** 
−0.01** 
0.05** 
−0.04** 
0.03** 
−0.01* 
−0.07** 
0.08** 
S.E. 0.053 0.050 0.009 0.005 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.2.16 Specific combining ability effects of crosses for seed index, seed volume per 
100 seeds, seed density and seed surface area in cross II of G. hirsutum L. 
Cross 
Seed index Seed volume/100 
seeds 
Seed 
density 
Seed surface 
area 
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
0.10NS 
0.14* 
−0.51** 
0.20** 
−0.08NS 
0.29** 
0.63** 
−0.93** 
0.31** 
−0.14* 
−0.05NS 
0.49** 
0.64** 
−0.10NS 
0.18** 
−0.72** 
−0.61** 
−0.62** 
0.66** 
0.12NS 
−0.06NS 
−0.63** 
−0.12NS 
−0.10NS 
−0.10NS 
0.43** 
−0.02NS 
1.54** 
−0.97** 
0.02NS 
0.12** 
0.06NS 
0.29** 
−0.15** 
0.47** 
0.11* 
−1.18** 
0.04NS 
0.64** 
−0.40** 
−0.56** 
0.28** 
−0.12** 
0.03NS 
0.39** 
−0.40** 
0.41** 
−0.51** 
0.06NS 
0.42** 
0.43** 
−0.34** 
−0.17** 
0.12* 
−0.86** 
0.29** 
0.76** 
0.48** 
−0.69** 
−0.02NS 
−0.00NS 
0.01NS 
−0.10** 
0.04** 
−0.07** 
0.02* 
0.22** 
−0.13** 
−0.04** 
0.03* 
0.05** 
0.04** 
0.09** 
−0.01NS 
−0.03* 
−0.05** 
−0.13** 
−0.02* 
0.08** 
−0.03** 
−0.05** 
−0.05** 
0.00NS 
−0.03** 
0.09** 
0.02* 
−0.10** 
0.15** 
−0.04** 
0.00NS 
0.01** 
0.01NS 
0.03** 
−0.02** 
0.05** 
0.01* 
−0.12** 
0.00NS 
0.06** 
−0.04** 
−0.06** 
0.03** 
−0.01* 
0.00NS 
0.04** 
−0.04** 
0.04** 
−0.05** 
0.01NS 
0.04** 
0.04** 
−0.03** 
−0.02** 
0.01* 
−0.09** 
0.03** 
0.08** 
0.05** 
−0.07** 
−0.00NS 
S.E. 0.066 0.046 0.010 0.005 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Proportional contribution of lines, testers and their interaction to the total variance  
Proportional contribution of lines, testers and their interaction to the total variance 
in various seed cotton yield, fibre quality and boll related traits in cross I and II is 
presented in Table 4.2.17. The contribution of line × tester interaction was more as 
compared to lines and testers for most of the characters like average boll weight, fibre 
length, fibre strength, fibre fineness, number of seeds per boll, seed weight per boll, lint 
weight per boll, seed index, seed volume per 100 seeds and seed surface area in cross I. 
While in cross II, in addition to above mentioned traits, contribution of line × tester 
interaction was more as compared to lines and testers individual contribution regarding 
number of boll per plant, seed cotton yield per plant, lint percentage lint index, lint 
weight per seed and seed density. The testers contributed more than the lines for all the 
traits in both crosses except fibre strength in cross I. 
Table 4.2.17 Proportional contribution of lines, testers and their interaction to the total 
variance for different traits in G. hirsutum L. 
Character 
Lines Testers L × T interaction 
Cross I Cross II Cross I Cross II Cross I Cross II 
No. of bolls per plant 7.07 9.42 55.86 14.79 37.07 75.79 
Average boll weight 8.33 17.7 37.07 21.28 54.6 61.02 
Seed cotton yield per plant 3.99 15.08 55.99 18.94 40.02 65.98 
Lint percentage 14.58 1.65 61.3 40.03 24.13 58.32 
Lint index 14.98 0.74 51.57 36.96 33.45 62.3 
Fibre length 1.15 1.61 34.9 30.25 63.95 68.13 
Fibre fineness 22.87 13.49 25.97 33.81 51.16 52.71 
Fibre strength 22.95 0.99 7.85 19.31 69.2 79.7 
Seed number per boll 11.28 13.68 26.6 31.48 62.12 54.84 
Seed mass per boll 18.21 6.53 34.57 35.55 47.22 57.92 
Lint mass per boll 10.8 16.8 43.74 28.62 45.46 54.58 
Lint mass per seed 19.36 1.21 42.03 44.84 38.61 53.96 
Seed index 3.35 1.98 35.79 41.54 60.86 56.48 
Seed volume per 100 seeds 2.25 8.2 38.01 15.25 59.75 76.55 
Seed density 10.87 3.01 47.3 33.18 41.83 63.81 
Seed surface area 2.27 8.23 38.04 15.26 59.69 76.51 
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4.3 HETEROTIC (MID AND BETTER PARENT) MANIFESTATION 
4.3.1 Number of bolls per plant 
 Analysis of data for number of bolls per plant revealed significant heterosis and 
heterobeltiosis exhibited by various cross combinations (Table 4.3.1). Eight crosses 
showed significant positive mid parent heterosis ranging from 13.07 to 43.60% including 
BH-89 × CIM-496 with the maximum mid parent heterosis, followed by BH-89 × CIM-
240 (29.41%). Whilst 7 crosses showed significant negative heterotic effects ranging 
from −11.30% to −34.97%, the highest negative value was observed for the combination 
(NIAB-999 × BH-89) × VH-144. The cross BH-89 × CIM-496 produced 25.52% more 
bolls than the higher parent.  
 In cross II, eight crosses showed positive mid parent heterotic effects ranging 
from 9.84% to 15.81%, the maximum value was observed for the cross NIAB-228 × S-12 
(Table 4.3.2). Sixteen crosses displayed significant negative heterosis including BH-160 
× CIM-1100 with the maximum value on negative side (−33.77%). Significant positive 
heterosis over better parent was recoded for only one cross NIAB-228 × Russian 
(10.97%). 
4.3.2 Average boll weight 
Highly significant and positive mid parent heterotic effects were recorded in 9 
cross combinations in cross I, the magnitude ranging from 10.63% to 31.74% (Table 
4.3.1). BH-89 × Reshmi-90 showed the maximum increase over average of the two 
parents followed by (NIAB-999 × BH-89) × CIM-1100 (24.63%). Maximum negative 
mid parent heterosis was showed by the cross NIAB-999 × FH-634 (−27.33%). Five 
crosses performed better than their better parent namely BH-89 × Reshmi-90, (NIAB-999 
× BH-89) × CIM-1100, (NIAB-999 × BH-89) × NIAB-78, BH-89 × NIAB-78 and BH-89 
× S-12 with values of 24.33%, 18.70%, 14.00%, 12.94%, 8.54%, respectively. 
 Significant positive mid parent heterosis in cross II was displayed by 15 crosses 
with maximum value of 29.06% contributed by the cross NIAB-228 × CIM-496 (Table 
4.3.2) whereas maximum negative mid parent heterosis (−28.41) was presented by the 
cross (NIAB-228 × BH-160) × CIM-240. A range of 7.46% to 16.31% heterobeltiosis for 
boll weight was recorded in eight crosses including NIAB-228 × S-12 with maximum 
value (16.31), followed by NIAB-228 × CIM496 (15.78%). Maximum negative 
heterobeltiosis (−32.16%) was shown by the cross (NIAB-228 × BH-160) × CIM-1100. 
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Table 4.3.1 Heterotic manifestation for No. of bolls per plant and average boll weight in 
cross I of G. hirsutum L. 
Cross 
No. of bolls/plant Average boll weight 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
5.33NS 
−10.00NS 
9.18NS 
13.07** 
−16.30** 
17.13** 
−4.87NS 
−9.03NS 
13.17** 
−11.30* 
−6.55NS 
19.91** 
43.60** 
18.96** 
6.90NS 
13.64* 
0.20NS 
20.90** 
29.41** 
−1.17NS 
−25.00** 
−10.51* 
−16.93** 
−17.06** 
−6.31NS 
−9.97* 
−4.19NS 
−30.67** 
4.66NS 
−34.97** 
0.00NS 
−19.54** 
6.29NS 
10.26NS 
−23.51** 
10.93NS 
−6.29NS 
−13.25* 
11.18* 
−11.59* 
−23.51** 
13.87NS 
25.52** 
3.83NS 
−0.80NS 
1.85NS 
−13.31* 
7.66NS 
8.95NS 
−15.33** 
−26.70** 
−25.00** 
−24.72** 
−24.72** 
−19.89** 
−20.45** 
−12.22* 
−38.35** 
−1.14NS 
−39.77** 
2.98NS 
−17.09** 
1.40NS 
−19.98** 
0.78NS 
−27.33** 
−6.52** 
5.20* 
5.25* 
−0.29NS 
3.47NS 
13.18** 
14.02** 
12.60** 
31.74** 
2.43NS 
10.63** 
18.81** 
13.14** 
−4.10NS 
−2.34NS 
6.21* 
−3.41NS 
24.63** 
3.18NS 
−7.17** 
1.53NS 
14.88** 
5.56* 
−0.43NS 
−0.43NS 
−17.93** 
0.75NS 
−20.49** 
−3.20NS 
−28.27** 
−13.55** 
0.32NS 
0.64NS 
−7.79** 
−2.97NS 
3.81NS 
4.22NS 
2.92NS 
24.33** 
−8.00** 
8.54** 
12.94** 
7.25* 
−5.90NS 
−4.46NS 
1.53NS 
−8.00** 
18.70** 
1.62NS 
−13.20** 
−0.96NS 
14.00** 
4.44NS 
−2.87NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.3.2 Heterotic manifestation for No. of bolls per plant and average boll weight in 
cross II of G. hirsutum L. 
Cross 
No. of bolls/plant Average boll weight 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
−6.41* 
12.15** 
−15.02** 
13.86** 
9.84** 
10.34** 
15.81** 
19.00** 
−3.45NS 
14.87** 
−2.34NS 
−9.49** 
1.20NS 
−33.77** 
−10.76** 
11.54** 
−9.27** 
−28.33** 
−2.16NS 
0.16NS 
−30.99** 
−14.04** 
−7.64** 
−17.38** 
−27.87** 
−8.62** 
−29.83** 
−14.77** 
−26.40** 
−26.97** 
−20.30** 
10.97** 
−21.53** 
0.66NS 
4.69NS 
4.21NS 
3.75NS 
7.27* 
−13.10** 
0.98NS 
−5.15NS 
−20.26** 
−4.82NS 
−34.73** 
−18.65** 
2.57NS 
−11.90** 
−30.87** 
−5.47NS 
−0.64NS 
−33.33** 
−28.25** 
−18.08** 
−23.45** 
−37.85** 
−20.62** 
−35.88** 
−22.60** 
−33.05** 
−31.92** 
−0.12NS 
−20.14** 
29.06** 
16.41** 
2.06NS 
−17.01** 
25.02** 
14.27** 
−1.48NS 
16.91** 
13.28** 
5.07* 
13.60** 
6.56** 
−15.80** 
8.12** 
−2.22NS 
12.47** 
8.92** 
22.92** 
−9.82** 
−16.92** 
1.16NS 
−27.84** 
5.04** 
7.77** 
−7.83** 
17.47** 
−28.41** 
−15.72** 
−9.51** 
−26.83** 
15.78** 
7.46** 
−7.85** 
−23.85** 
16.31** 
13.82** 
−15.65** 
11.91** 
11.75** 
2.39NS 
13.31** 
3.01NS 
−16.63** 
5.20* 
−6.24** 
0.31NS 
3.56NS 
14.55** 
−13.53** 
−21.27** 
−1.96NS 
−32.16** 
1.08NS 
1.96NS 
−14.02** 
2.16NS 
−29.99** 
−23.53** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
96 
 
4.3.3 Seed cotton yield per plant 
Analysis of data on seed cotton yield per plant in cross I revealed significant 
results for mid and better parent heterosis (Table 4.3.3). Heterosis over the average of 
parents ranged from 8.70% to 61.41%, the maximum value was observed for BH-89 × 
CIM-496, followed by BH-89 × CIM-240 with an increase of 44.89% while six crosses 
performed better than their better parent. The highest heterobeltiotic effects (30.67%) 
were presented by BH-89 × CIM-496 (30.67%) followed by BH-89 × Reshmi-90 and 
BH-89 × NIAB-78 (23.23% and 21.23%, respectively). Whereas maximum negative 
heterobeltiosis (−41.81%) was observed for the cross NIAB-999 × BH-89) × VH-144. 
 In second cross, a range of 10.60% to 43.52% increase over the average of two 
parents was recorded for nine crosses including NIAB-228 × S-12 with the highest value 
while 13 crosses showed  highly significant negative heterosis over the mid parent, the 
maximum (−47.09) was observed for the cross (NIAB-228 × BH-160) × CIM-240 (Table 
4.3.4). Highly significant increase over the better parent ranging from 8.83% to 23.40% 
was observed for 5 cross combinations including NIAB-228 × NIAB-78 at top position 
followed by NIAB-228 × S-12 (20.71%). 
4.3.4 Lint percentage 
Highly significant and positive values of mid parent heterosis in cross I (Table 
4.3.3) for lint percentage were recorded in 13 cross combinations, the magnitude ranging 
from 7.06% to 19.15% with the highest value presented by the Cross BH-89 × CIM-1100 
followed by BH-89 × VH-144 (17.23%) and BH-89 × NIAB-78 (16.91%). Maximum 
negative mid parent heterosis was shown by the cross NIAB-999 × NIAB-78 (−7.53%). 
Seven crosses performed better than their better parent including BH-89 × NIAB-78 with 
the highest value of 12.69% followed by BH-89 × CIM-1100 and BH-89 × Reshmi-90 
with an increase of 9.69% and 9.54% over the higher parent, respectively. 
 Significant positive mid parent heterosis in cross II was displayed by 18 crosses 
with maximum value of 26.40% contributed by the cross NIAB-228 × CIM-1100 (Table 
4.3.4) whereas maximum negative mid parent heterosis (−13.55%) was presented by the 
cross BH-160 × CIM-240. A range of 5.15% to 20.83% heterobeltiosis for the trait was 
recorded in 11 crosses including NIAB-228 × CIM-1100 with maximum heterosis over 
better parent. Maximum negative heterobeltiosis (−14.12%) was shown by the cross BH-
160 × CIM-240. 
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Table 4.3.3 Heterotic manifestation for seed cotton yield per plant and lint percentage in 
cross I of G. hirsutum L. 
Cross 
Seed cotton yield/plant Lint percentage 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
8.70** 
−25.32** 
10.66** 
−9.51** 
−15.96** 
−14.75** 
−11.17** 
−4.40NS 
19.17** 
−11.59** 
−4.74NS 
35.09** 
61.41** 
31.82** 
40.05** 
14.95** 
10.79* 
42.24** 
44.89** 
−5.50NS 
−26.72** 
−4.03NS 
−19.41** 
3.86NS 
−3.02NS 
−15.72** 
−2.88NS 
−20.46** 
10.58** 
−35.64** 
6.66NS 
−33.85** 
7.11NS 
−12.32** 
−25.94** 
−18.30** 
−19.11** 
−12.89** 
15.93** 
−18.58** 
−25.81** 
18.26** 
30.67** 
6.62NS 
23.23** 
−6.21NS 
−5.53NS 
21.23** 
16.82** 
−20.24** 
−26.82** 
−16.48** 
−23.51** 
−1.32NS 
−16.03** 
−20.77** 
−13.16** 
−28.84** 
5.47NS 
−41.81** 
0.82NS 
−1.07NS 
1.20NS 
0.99NS 
−4.66* 
−0.25NS 
12.95** 
−7.53** 
2.08NS 
−0.91NS 
9.73** 
12.36** 
7.70** 
19.15** 
14.43** 
12.22** 
14.22** 
16.91** 
10.41** 
17.23** 
−3.72NS 
−6.13** 
3.95NS 
8.09** 
2.29NS 
1.06NS 
7.06** 
2.76NS 
2.35NS 
5.58* 
−9.45** 
−2.20NS 
−3.50NS 
0.16NS 
−9.20** 
−3.66NS 
9.36** 
−12.54** 
1.87NS 
−2.93NS 
7.68** 
3.75NS 
2.96NS 
9.69** 
9.54** 
5.94* 
7.57** 
12.69** 
1.06NS 
9.17** 
−9.68** 
−9.42** 
3.85NS 
3.97NS 
2.06NS 
−0.17NS 
5.48* 
1.79NS 
−2.13NS 
2.80NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively)
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Table 4.3.4 Heterotic manifestation for seed cotton yield per plant and lint percentage in 
cross II of G. hirsutum L. 
Cross 
Seed cotton yield/plant Lint percentage 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
−8.25* 
−10.80** 
8.61* 
31.10** 
11.49** 
−8.92* 
43.52** 
36.23** 
−6.58* 
33.45** 
10.60** 
−5.29NS 
14.82** 
−29.53** 
−24.90** 
20.21** 
−11.43** 
−19.74** 
6.70* 
23.07** 
−37.75** 
−29.30** 
−7.00** 
−40.66** 
−24.64** 
−2.28NS 
−35.77** 
−1.25NS 
−47.09** 
−38.81** 
−27.95** 
−19.11** 
−9.20** 
8.19* 
−3.48NS 
−20.61** 
20.71** 
23.40** 
−26.66** 
13.05** 
8.83** 
−18.35** 
7.77* 
−32.83** 
−32.18** 
7.77* 
−17.44** 
−30.73** 
4.94NS 
13.78** 
−42.20** 
−43.41** 
−19.67** 
−48.02** 
−37.13** 
−19.00** 
−44.86** 
−20.87** 
−50.85** 
−47.86** 
1.62NS 
8.79** 
19.38** 
26.40** 
19.64** 
16.21** 
−1.01NS 
12.21** 
12.04** 
4.74** 
4.92** 
0.98NS 
3.59* 
20.41** 
8.69** 
4.80** 
−8.72** 
14.80** 
−13.55** 
2.77NS 
−0.65NS 
−2.33NS 
0.64NS 
5.15** 
−8.58** 
10.77** 
8.88** 
10.50** 
0.17NS 
14.09** 
−0.20NS 
−3.58* 
15.48** 
20.83** 
17.44** 
11.18** 
−7.43** 
8.79** 
1.25NS 
−3.79* 
−3.03NS 
−1.83NS 
−2.86NS 
14.23** 
0.51NS 
−0.67NS 
−11.45** 
7.41** 
−14.12** 
1.60NS 
−6.63** 
−6.68** 
−4.01* 
1.48NS 
−14.05** 
6.81** 
7.50** 
5.15** 
−2.24NS 
13.35** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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4.3.4 Lint index 
 Analysis of data for lint index in cross I revealed significant heterosis and 
heterobeltiosis exhibited by various cross combinations (Table 4.3.5). Fourteen crosses 
showed significant positive mid parent heterosis ranging from 10.39% to 49.05% 
including BH-89 × S-12 as the top performing combination followed by BH-89 × NIAB-
78 (44.14%) whereas NIAB-999 × NIAB-78 showed the highest significant negative 
heterotic effects (−17.70%). Significant positive heterobeltiosis was displayed by 7 
crosses including BH-89 × S-12 with the highest magnitude of heterobeltiosis (42.74%) 
followed by BH-89 × NIAB-78 with a value of 38.59%. 
 In cross II, twelve crosses showed positive mid parent heterotic effects ranging 
from 8.65% to 54.79%, the highest was contributed by NIAB-228 × Reshmi-90, followed 
by NIAB-228 × FH-634 (51.75). Significant negative heterosis was observed for 9 
crosses including BH-160 × S-12 (−34.98%). Heterosis over better parent was recoded 8 
crosses ranging from 9.39% to 46.69%, NIAB-228 × Reshmi-90 proved to be the top 
scorer followed by NIAB-228 × FH-634 with 39.54% increase over higher parent (Table 
4.3.6). 
4.3.5 Fibre length 
Highly significant and positive mid parent heterotic effect for fibre length in cross 
I (Table 4.3.5) were exhibited by BH-89 × VH-144 (6.96%) while maximum negative 
mid parent heterosis was shown by the cross (NIAB-999 × BH-89) × FH-634 (−9.21%). 
The cross (NIAB-999 × BH-89) × FH-634 performed better than their better parent and 
present 5.12% increase over better parent whereas the highest decrease (−7.89%) over the 
better parent was recorded for the cross NIAB-999 × Reshmi-90. 
 Significant positive mid parent heterosis in cross II was displayed by the cross 
NIAB-228 × NIAB-78 which presented 7.50% increase in fibre length over the average 
of the two parents whereas maximum negative mid parent heterosis (−15.33%) was 
presented by the cross (NIAB-228 × BH-160) × VH-144 (Table 4.3.6). An increase of 
4.40% over the better parent was observed for the cross NIAB-228 × NIAB-78. 
Maximum negative heterobeltiosis (−17.95%) was displayed by the cross (NIAB-999 × 
BH-160) × S-12. 
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Table 4.3.5 Heterotic manifestation for lint index and fibre length in cross I of G. 
hirsutum L. 
Cross 
Lint index Fibre length 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
−10.55** 
−2.68NS 
−10.12** 
−6.66* 
−12.30** 
−15.80** 
10.39** 
−17.70** 
10.94** 
−14.39** 
0.60NS 
15.97** 
4.34NS 
34.07** 
28.75** 
14.52** 
49.05** 
44.14** 
26.66** 
15.08** 
−3.42NS 
−13.79** 
2.04NS 
18.23** 
13.67** 
−9.76* 
19.43** 
7.91NS 
−3.58NS 
14.39** 
−25.93** 
−13.89** 
−18.37** 
−12.10** 
−25.35** 
−22.22** 
−6.85NS 
−30.79** 
−0.70NS 
−27.27** 
−1.46NS 
5.41NS 
−7.61NS 
14.78** 
22.06** 
−0.23NS 
42.74** 
38.59** 
13.78** 
9.34NS 
−6.00NS 
−18.05** 
−5.65NS 
5.51NS 
12.94* 
−17.98** 
18.93** 
7.02NS 
−9.48* 
13.92** 
−6.84** 
−0.06NS 
−4.12** 
−6.56** 
−7.66** 
−2.02NS 
−4.05* 
−3.04* 
−0.72NS 
1.13NS 
−4.49** 
−0.39NS 
−3.94* 
0.69NS 
−2.29NS 
−0.25NS 
−1.16NS 
−3.32* 
1.18NS 
6.96** 
−3.53* 
0.50NS 
−1.40NS 
−0.18NS 
−3.79* 
−9.21** 
−1.51NS 
−3.48* 
−6.11** 
2.47NS 
−7.56** 
−3.48* 
−4.92** 
−7.68** 
−7.89** 
−3.72* 
−7.68** 
−4.20* 
−0.96NS 
−3.60* 
−6.71** 
−0.77NS 
−6.11** 
−1.23NS 
−5.50** 
−1.62NS 
−1.92NS 
−5.17** 
−1.69NS 
5.12** 
−3.76* 
−2.43NS 
−1.70NS 
−0.85NS 
−4.54** 
−10.32** 
−4.73** 
−4.13* 
−6.39** 
−1.82NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively)
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Table 4.3.6 Heterotic manifestation for lint index and fibre length in cross II of G. 
hirsutum L. 
Cross 
Lint index Fibre length 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
2.44NS 
31.79** 
30.12** 
43.13** 
54.79** 
51.75** 
9.45* 
5.18NS 
49.77** 
15.13** 
−11.10** 
3.77NS 
4.27NS 
8.65** 
12.88** 
−5.55* 
−34.98** 
−3.28NS 
−11.41** 
−2.04NS 
−16.06** 
−15.74** 
−7.72** 
−11.69** 
−14.23** 
26.04** 
−0.75NS 
30.01** 
−8.73** 
19.12** 
−5.35NS 
18.61** 
16.37** 
28.35** 
46.69** 
39.54** 
2.83NS 
1.55NS 
30.62** 
5.38NS 
−26.00** 
−11.55** 
−10.60** 
−7.08** 
−15.07** 
−21.05** 
−46.64** 
−22.36** 
−22.16** 
−17.78** 
−26.56** 
−24.39** 
−16.67** 
−20.47** 
−32.70** 
10.77** 
−14.48** 
9.39** 
−15.38** 
5.15NS 
−2.00NS 
−1.93NS 
−2.86NS 
0.06NS 
2.17NS 
−2.97NS 
0.63NS 
7.50** 
−1.27NS 
2.64NS 
−7.66** 
−6.07** 
−11.42** 
−5.14** 
−11.72** 
−6.15** 
−6.10** 
−1.91NS 
−5.99** 
−7.44** 
−7.85** 
0.96NS 
−7.34** 
−6.04** 
−1.20NS 
−10.48** 
3.55* 
−6.05** 
−1.90NS 
−15.33** 
−7.67** 
−5.22* 
−8.97** 
−3.93NS 
−1.84NS 
−7.70** 
−4.22* 
4.40* 
−5.81** 
−0.87NS 
−9.13** 
−9.93** 
−12.33** 
−8.45** 
−14.84** 
−8.56** 
−8.56** 
−6.39** 
−8.68** 
−11.19** 
−8.39** 
−2.21NS 
−7.34** 
−8.39** 
−3.73NS 
−11.89** 
1.86NS 
−9.44** 
−3.73NS 
−17.95** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.3.7 Heterotic manifestation for fibre strength and fibre fineness in cross I of G. 
hirsutum L. 
Cross 
Fibre strength Fibre fineness 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
−7.75** 
−2.92NS 
−16.64** 
−28.71** 
2.44NS 
−18.17** 
−8.28** 
−16.46** 
−7.84** 
−10.41** 
−1.86NS 
8.14** 
3.00NS 
−1.58NS 
7.82** 
4.16* 
−3.97NS 
2.79NS 
−11.61** 
−1.57NS 
−10.82** 
−14.89** 
−2.09NS 
7.38** 
−9.88** 
7.63** 
−2.09NS 
4.48* 
−9.01** 
20.38** 
−8.46** 
−6.70** 
−20.99** 
−30.21** 
−0.66NS 
−20.33** 
−12.97** 
−16.92** 
−8.24** 
−17.25** 
−6.03** 
6.91** 
2.68NS 
−8.32** 
5.61* 
1.62NS 
−4.15NS 
−1.78NS 
−15.63** 
−4.51NS 
−11.36** 
−18.08** 
−7.06** 
4.95* 
−12.46** 
4.96* 
−6.95** 
4.08NS 
−9.26** 
11.36** 
9.68** 
2.90NS 
−1.06NS 
−0.34NS 
13.57** 
9.61** 
3.42NS 
0.72NS 
−7.91** 
−5.76* 
−4.70* 
2.37NS 
2.65NS 
−9.55** 
9.03** 
2.67NS 
−0.32NS 
3.73NS 
−2.36NS 
−1.91NS 
24.54** 
4.44NS 
14.08** 
14.88** 
10.22** 
30.91** 
1.40NS 
5.19* 
21.32** 
10.73** 
11.68** 
3.65NS 
2.19NS 
7.30* 
16.06** 
12.41** 
10.22** 
1.46NS  
-6.57* 
1.46NS 
-8.97** 
-3.21NS 
-0.64NS 
-8.97** 
4.49NS 
-1.28NS 
-0.64NS 
-1.92NS 
-7.05** 
-1.28NS 
29.77** 
7.63* 
20.61** 
26.72** 
15.27** 
37.40** 
10.69** 
8.40** 
25.95** 
22.14** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 3.4.8 Heterotic manifestation for fibre strength and fibre fineness in cross II of G. 
hirsutum L. 
Cross 
Fibre strength Fibre fineness 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
4.26* 
13.45** 
5.77** 
−16.17** 
2.04NS 
8.05** 
−5.74** 
0.00NS 
12.02** 
−0.37NS 
−5.00** 
−6.17** 
2.57NS 
−0.93NS 
1.40NS 
1.36NS 
17.31** 
−14.21** 
−13.81** 
7.82** 
3.99* 
−8.00** 
2.26NS 
−0.23NS 
−5.20** 
−1.24NS 
20.02** 
3.20NS 
−1.91NS 
16.85** 
2.09NS 
9.85** 
5.14* 
−19.78** 
−0.00NS 
6.59** 
−8.59** 
−4.41* 
8.71** 
−2.90NS 
−7.75** 
−7.86** 
−1.86NS 
−1.53NS 
−5.35** 
−2.29NS 
8.41** 
−14.63** 
−20.31** 
0.11NS 
2.67NS 
−10.19** 
2.02NS 
−3.76* 
−7.85** 
−1.76NS 
15.46** 
−0.55NS 
−5.59** 
12.96** 
12.96** 
7.35** 
−8.72** 
2.76* 
−10.90** 
−12.75** 
−8.28** 
−6.58** 
−12.24** 
1.30NS 
14.29** 
7.91** 
−2.66NS 
10.59** 
−11.19** 
−7.98** 
−1.08NS 
−4.83** 
11.20** 
11.36** 
9.43** 
6.14** 
8.40** 
25.98** 
17.39** 
21.37** 
12.23** 
17.16** 
−3.10* 
0.74NS 
3.66** 
2.44NS  
-17.07** 
-9.15** 
-15.24** 
-20.73** 
-12.20** 
-13.41** 
-21.34** 
-4.88** 
17.83** 
16.28** 
-0.78NS 
9.30** 
-4.65** 
-6.20** 
6.98** 
-0.78NS 
11.63** 
17.83** 
13.28** 
14.84** 
10.94** 
25.00** 
26.56** 
24.22** 
21.87** 
22.66** 
-2.34NS 
7.03** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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4.3.7 Fibre strength 
 Analysis of data on fibre strength in cross I revealed significant results for mid 
and better parent heterosis (Table 4.3.7). Highly significant heterosis over the average of 
the two parents was recorded for 5 crosses ranging from 7.38% to 20.38%, the maximum 
value was observed for (NIAB-999 × BH-89) × VH-144, followed by BH-89 × Russian 
(8.14%). The three way cross (NIAB-999 × BH-89) × VH-144 exhibited 11.36% 
increased fibre strength over the better parent followed by BH-89 × Russian (6.91%). 
Whereas maximum negative heterobeltiosis (−30.21%) was observed for the cross NIAB-
999 × CIM-1100. 
 In second cross, a range of 5.77% to 20.02% increase over the average of the two 
parents was recorded for 8 crosses including (NIAB-228 × BH-160) × S-12 with the 
highest value followed by BH-160 × S-12 (17.31%) while 8 crosses showed highly 
significant negative heterosis over the mid parent, the maximum (−16.17%) was observed 
for the cross NIAB-228 × CIM-1100. An increase over the better parent ranging from 
6.59% to 15.46% was observed for 6 cross combinations including (NIAB-228 × BH-
160) × S-12 at the top position followed by (NIAB-228 × BH-160) × VH-144 with an 
increase of 12.96% (Table 4.3.8). 
4.3.8 Fibre fineness 
Highly significant mid parent heterosis for fibre fineness in cross I was recorded 
for only two crosses viz BH-89 × CIM-1100 (−9.55%) and NIAB-999 × CIM-240 
(−7.91). Maximum increase in fiber coarseness (30.91%) over the mid parent was seen in 
cross (NIAB-999 × BH-89) × FH-634 (Table 4.3.7). Three crosses performed better than 
their better parent including BH-89 × CIM-70 and BH-89 × CIM-1100 with 8.97% 
increase in fibre fineness, followed by BH-89 × CIM-240 (7.05%). While (NIAB-999 × 
BH-89) × FH-634 exhibited 37.40% increase in fibre coarseness or reduction of equal 
amount in fibre fineness. 
 In second cross, nine combinations exhibited desirable results as compared to mid 
parent for fibre fineness (Table 4.3.8). Highly significant decrease in fibre coarseness 
over the average of two parents was presented by the cross NIAB-228 × FH-634 
(−12.75%), followed by NIAB-228 × CIM-240 (−12.24%). So these crosses can be 
considered while improving fibre fineness. Whereas 15 crosses presented highly 
significant increase in fibre coarseness over the mid parent with the highest value of 
25.98% recorded for the cross (NIAB-228 × BH-160) × CIM-1100. Highly significant 
reduction in fibre coarseness over better parent ranging from −4.65% to −21.37% was 
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recorded in 10 crosses including NIAB-228 × CIM-240 with maximum value closely 
followed by NIAB-228 × FH-634 (−20.37%). Whereas 16 crosses showed increased fibre 
coarseness over better parent including (NIAB-228 × BH-160) × Reshmi-90 with 
maximum value (26.56%). 
4.3.9 Seed number per boll 
Highly significant and positive values of mid parent heterosis for number of seeds 
per boll were recorded in 12 cross combinations in cross I, the magnitude ranging from 
9.58% to 17.28% with the highest value presented by the cross BH-89 × CIM-496 (Table 
4.3.9). Maximum negative mid parent heterosis was showed by the cross NIAB-999 × 
Russian (−16.86%). Seven crosses performed better than their better parent including 
BH-89 × CIM-496 with the highest value of 16.14%. 
 Significant positive mid parent heterosis in cross II was displayed by 12 crosses 
with maximum value of 32.57% contributed by the cross BH-160 × S-12 whereas 
maximum negative mid parent heterosis (−36.50) was presented by the cross NIAB-228 
× FH-634 (Table 4.3.10). A range of 13.88% to 23.18% highly significant heterobeltiosis 
for the trait was recorded in 6 crosses including BH-160 × NIAB-78 with maximum 
value followed by NIAB-228 × NIAB-78 (20.71%). Maximum negative heterobeltiosis 
(40.66%) was shown by the cross NIAB-228 × Russian. 
4.3.10 Seed mass per boll 
 Analysis of data for seed mass per boll revealed significant heterosis and 
heterobeltiosis exhibited by various cross combinations (Table 4.3.9). Fifteen crosses 
showed significant positive mid parent heterosis ranging from 9.90% to 39.74% 
including NIAB-999 × CIM-70 as the top performing combination whereas only two 
crosses BH-89 × S-12 and BH-89 × VH-144 showed significant negative heterotic effects 
(−14.01% and −15.86%, respectively). While highly significant and positive 
heterobeltiosis was displayed by 10 crosses including NIAB-999 × CIM-70 with the 
highest magnitude of heterobeltiosis (31.38%) followed by (NIAB-999 × BH-89) × CIM-
1100 with a value of 26.49%. 
 In cross II, sixteen crosses showed highly significant positive mid parent heterotic 
effects ranging from 8.13% presented by (NIAB-228 × BH-160) × NIAB-78 to 43.19% 
contributed by BH-160 × CIM-70 (Table 4.3.10). Significant negative heterosis was 
observed for 8 crosses including NIAB-228 × FH-634 (−34.33%). Highly significant 
heterosis over better parent was recoded 13 crosses ranging from 8.99% to 42.28%, BH-
160 × CIM-70 proved to be the top scorer followed by NIAB-228 × CIM-496 (30.67%).
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Table 4.3.9 Heterotic manifestation for seed number per boll and seed mass per boll in 
cross I of G. hirsutum L. 
Cross 
Seed number/boll Seed mass/boll 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
14.06** 
−16.86** 
13.40** 
−13.78** 
7.78* 
−14.37** 
−5.75NS 
15.97** 
−4.14NS 
13.60** 
13.27** 
9.58** 
17.28** 
−0.67NS 
17.00** 
0.01NS 
−15.21** 
−3.79NS 
−1.55NS 
−2.25NS 
−2.76NS 
15.25** 
−2.18NS 
12.89** 
−7.30* 
3.39NS 
−9.20** 
9.06** 
11.34** 
−8.42** 
7.46* 
−24.98** 
8.46* 
−17.63** 
−0.62NS 
−19.18** 
−12.11** 
6.96* 
−10.49** 
5.64NS 
10.42** 
2.15NS 
16.14** 
−1.75NS 
11.54** 
−2.32NS 
−18.21** 
−8.26* 
−4.90NS 
−5.99NS 
−4.66NS 
12.20** 
−5.56NS 
9.11** 
−7.61* 
1.19NS 
−10.01** 
8.73** 
10.19** 
−8.97** 
39.74** 
6.00NS 
14.72** 
−1.35NS 
34.12** 
−9.70** 
8.55* 
9.07* 
8.17* 
18.94** 
11.77** 
9.90** 
20.24** 
2.90NS 
28.96** 
−1.49NS 
−14.01** 
−4.30NS 
2.22NS 
−15.86** 
23.03** 
25.93** 
13.15** 
30.79** 
17.71** 
11.62** 
4.39NS 
19.00** 
8.23* 
1.89NS 
31.38** 
−3.57NS 
6.10NS 
−12.35** 
24.29** 
−22.12** 
−2.26NS 
−5.78NS 
−3.98NS 
7.69NS 
2.25NS 
3.93NS 
11.80** 
−0.19NS 
19.66** 
−1.86NS 
−17.79** 
−4.48NS 
−0.75NS 
−20.04** 
19.62** 
25.00** 
11.94** 
26.49** 
16.20** 
4.46NS 
2.46NS 
11.57** 
4.57NS 
0.62NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.3.10 Heterotic manifestation for seed number per boll and seed mass per boll in 
cross II of G. hirsutum L. 
Cross 
Seed number/boll Seed mass/boll 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
−0.90NS 
−34.24** 
18.24** 
2.50NS 
−22.16** 
−36.50** 
12.91** 
21.86** 
−26.26** 
6.31* 
30.59** 
−0.84NS 
10.90** 
16.80** 
−25.49** 
17.04** 
32.57** 
30.50** 
3.39NS 
26.22** 
5.95* 
−4.55NS 
9.82** 
−14.32** 
6.20** 
−6.07* 
−0.37NS 
−0.72NS 
−22.23** 
−19.62** 
−4.64NS 
−40.66** 
14.81** 
1.17NS 
−34.00** 
−39.35** 
4.61NS 
20.71** 
−34.61** 
2.23NS 
17.89** 
−15.67** 
0.95NS 
7.96* 
−40.17** 
4.93NS 
15.54** 
23.18** 
−13.46** 
13.88** 
2.19NS 
−13.69** 
6.87* 
−15.24** 
−9.79** 
−10.09** 
−7.50** 
−1.88NS 
−30.89** 
−22.53** 
15.19** 
−24.44** 
32.78** 
6.73* 
−7.05** 
−34.33** 
27.67** 
6.71* 
−17.83** 
14.74** 
43.19** 
16.07** 
19.35** 
16.41** 
−11.01** 
16.71** 
15.95** 
15.56** 
−5.14NS 
18.56** 
16.67** 
−6.17* 
24.72** 
−17.57** 
22.61** 
−6.98* 
−3.38NS 
8.13** 
−20.31** 
−13.34** 
10.76** 
−25.82** 
30.67** 
5.51NS 
−15.07** 
−38.45** 
23.06** 
5.00NS 
−25.46** 
13.37** 
42.28** 
8.99** 
15.85** 
10.03** 
−21.95** 
4.87NS 
6.99* 
12.18** 
−17.36** 
14.62** 
12.33** 
−8.01* 
22.91** 
−18.62** 
11.89** 
−12.92** 
−6.99* 
6.54NS 
−27.79** 
−14.25** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.3.11 Heterotic manifestation for seed mass per boll and seed mass per seed in 
cross I of G. hirsutum L. 
Cross 
Lint mass/boll Lint mass/seed 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
−28.34** 
−37.18** 
−9.99** 
−36.94** 
−28.86** 
−44.17** 
−21.87** 
1.15NS 
2.33NS 
−19.57** 
−8.38* 
18.20** 
5.23NS 
27.59** 
36.03** 
9.24* 
57.91** 
63.99** 
31.97** 
17.94** 
−31.52** 
−16.45** 
−21.64** 
16.79** 
−13.95** 
−31.16** 
−2.20NS 
8.26* 
1.70NS 
−3.98NS 
−35.87** 
−43.28** 
−16.58** 
−44.08** 
−38.01** 
−50.50** 
−38.93** 
−20.37** 
−15.78** 
−36.61** 
−29.61** 
−9.83** 
−21.27** 
−1.25NS 
6.82NS 
−15.44** 
38.33** 
42.46** 
9.26* 
2.32NS 
−36.54** 
−23.28** 
−29.88** 
9.29* 
−17.93** 
−35.57** 
−10.23* 
0.27NS 
−0.41NS 
−10.93* 
−37.40** 
−25.68** 
−21.01** 
−26.98** 
−34.63** 
−35.47** 
−18.43** 
−15.76** 
4.90NS 
−31.33** 
−17.36** 
10.82NS 
−9.23NS 
29.22** 
17.70** 
10.00NS 
87.76** 
71.28** 
35.85** 
21.83** 
−30.28** 
−27.47** 
−20.53** 
2.46NS 
−7.46NS 
−33.33** 
6.72NS 
−2.11NS 
−9.45NS 
4.60NS 
−46.85** 
−38.74** 
−29.73** 
−37.84** 
−46.85** 
−45.50** 
−39.19** 
−37.39** 
−18.02** 
−48.65** 
−35.48** 
−11.11* 
−31.79** 
0.64NS 
−4.32NS 
−13.73** 
68.81** 
54.63** 
15.20* 
9.09NS 
−36.13** 
−31.25** 
−30.64** 
−6.41NS 
−10.79* 
−38.56** 
−1.55NS 
−10.08NS 
−10.85NS 
−3.10NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.3.12 Heterotic manifestation for lint mass per boll and lint mass per seed in cross 
II of G. hirsutum L. 
Cross 
Lint mass/boll Lint mass/seed 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
−21.50** 
−13.64** 
23.42** 
32.49** 
19.74** 
16.03** 
19.94** 
29.07** 
25.58** 
20.61** 
−16.13** 
−7.59** 
7.55** 
−4.74NS 
−22.11** 
−3.01NS 
−24.69** 
8.52* 
25.30** 
28.14** 
−36.40** 
−29.38** 
−23.24** 
−39.80** 
−18.71** 
27.19** 
−13.56** 
29.79** 
−38.04** 
−18.50** 
−39.68** 
−28.70** 
−5.02NS 
10.42** 
5.86NS 
2.46NS 
5.08NS 
26.84** 
−1.55NS 
5.65NS 
−18.85** 
−18.16** 
3.87NS 
−16.51** 
−35.59** 
−19.71** 
−37.21** 
−17.51** 
18.06** 
6.86* 
−39.23** 
−38.17** 
−26.79** 
−47.82** 
−33.47** 
4.21NS 
−28.68** 
−2.22NS 
−42.33** 
−32.74** 
−19.84** 
33.66** 
4.80NS 
28.57** 
51.72** 
82.91** 
7.22NS 
5.88NS 
73.02** 
13.86** 
−36.81** 
−12.23** 
−4.63* 
−8.50** 
−6.53* 
−20.89** 
−45.98** 
−19.08** 
14.46** 
−1.57NS 
−40.18** 
−27.70** 
−30.23** 
−30.19** 
−29.10** 
33.11** 
−15.28** 
30.25** 
−22.33** 
0.00NS 
−36.54** 
21.62** 
−17.61** 
8.27* 
45.05** 
68.52** 
0.97NS 
3.12NS 
50.00** 
3.60NS 
−44.71** 
−32.69** 
−15.87** 
−25.00** 
−34.62** 
−39.90** 
−59.62** 
−40.87** 
−8.65** 
−24.52** 
−44.86** 
−42.16** 
−35.14** 
−40.00** 
−48.65** 
5.41* 
−34.05** 
−1.08NS 
−35.14** 
−20.00** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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4.3.11 Lint mass per boll 
Highly significant and positive mid parent heterotic effects in cross I were 
recorded in 8 cross combinations, the magnitude ranging from 16.79% to 63.99% (Table 
4.3.11). The highest value was displayed by the cross BH-89 × NIAB-78 followed by 
BH-89 × S-12 (57.91%). Maximum decrease over the mid parent in lint weight per boll 
was showed by the cross NIAB-999 × FH-634 (44.17%). The crosses BH-89 × NIAB-78 
and BH-89 × S-12 performed better than their better parent and showed an increase of 
42.46% and 38.33% over the better parent, respectively. The highest negative value for 
heterobeltiosis was presented by the cross NIAB-999 × FH-634 (50.50%). 
Significant positive mid parent heterosis in cross II was displayed by 13 crosses 
with maximum value of 32.49% contributed by the cross NIAB-228 × CIM-1100 
whereas maximum negative mid parent heterosis (−39.80) was presented by the cross 
(NIAB-228 × BH-160) × CIM-1100 (Table 4.3.12). Three crosses namely NIAB-228 × 
NIAB-78, BH-160 × CIM-240 and NIAB-999 × CIM-1100 out performed their better 
parent and displayed 26.84%, 18.06% and 10.42% heterobeltiosis for lint weight per boll. 
Maximum negative heterobeltiosis (−47.82%) was shown by the cross (NIAB-228 × BH-
160) × CIM-1100. 
4.3.12 Lint mass per seed 
 Analysis of data on lint weight per seed in cross I revealed significant results for 
mid and better parent heterosis (Table 4.3.11). Heterosis over the average of two parents 
ranged from 17.70% to 87.76%, the maximum value was observed for BH-89 × S-12, 
followed by BH-89 × NIAB-78 (71.28). Whereas the highest negative heterosis over mid 
parent was exhibited by the cross NIAB-999 × CIM-70 (−37.40%). BH-89 × S-12 and 
BH-89 × NIAB-78 showed 68.81% and 54.63% increase over the better parent whereas 
maximum decrease over the better parent was observed for the cross NIAB-999 × VH-
144 (48.65%). 
 In second cross, a range of 13.86% to 82.91% increase over the average of two 
parents was recorded for 9 crosses including NIAB-228 × FH-634 with the highest value, 
followed by NIAB-228 × CIM-240 (73.02%). While 14 crosses showed highly 
significant negative heterosis over the mid parent, the maximum (−45.98%) was observed 
for the cross BH-160 × S-12 (Table 4.3.12). An increase over the better parent ranging 
from 21.62% to 68.52% was observed for 4 cross combinations including NIAB-228 × 
FH-634 exhibiting the highest value followed by NIAB-228 × CIM-240 (50.00%). 
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4.3.13 Seed index 
Analysis of data on seed index in cross I revealed significant results for mid and 
better parent heterosis (Table 4.3.13). Highly significant heterosis over the average of 
parents ranged from 3.84% to 19.97%, the maximum value was observed for BH-89 × S-
12, followed by BH-89 × NIAB-78 (12.15%). The highest decrease for seed index over 
mid parent was noted for the cross NIAB-999 × FH-634 (−15.15). While 5 crosses 
performed better than their better parent. The highest heterobeltotic effects (14.05%) 
were presented by BH-89 × S-12 whereas maximum decrease over better parent 
(−23.47%) was observed for the cross NIAB-999 × VH-144. 
In cross II, a range of 7.11% to 25.37% highly significant increase over the 
average of two parents was recorded for 9 crosses including NIAB-228 × CIM-240 with 
the highest value followed by NIAB-999 × FH-634 (20.04%). Fourteen crosses showed 
highly significant negative heterosis over the mid parent, the maximum (−24.18%) was 
observed for the cross BH-160 × S-12 (Table 4.3.14). An increase over the better parent 
ranging from 4.70% to 22.89% was observed for 5 cross combinations including NIAB-
228 × CIM-240 at top position followed by NIAB-228 × FH-634 (17.76%). BH-160 × S-
12 displayed the highest decrease in seed index (35.23%) over the higher parent. 
4.3.14 Seed volume per 100 seeds 
 Highly significant and positive values of mid parent heterosis for seed volume per 
100 seeds in the first cross were recorded in 14 cross combinations (Table 4.3.13). The 
magnitude ranging from 3.67% to 20.86% increase over the average of two parents was 
recorded with the highest value presented by the cross (NIAB-999 × BH-89) × Reshmi-
90, followed by NIAB-999 × CIM-240 (19.61%).  Maximum decrease over mid parent 
was shown by the cross BH-89 × CIM-70 (−17.47%). Ten crosses performed better than 
their better parent including NIAB-999 × CIM-240 with the highest value of 17.87%, 
followed by NIAB-999 × BH-89) × Reshmi-90 (15.60%).  
Significant positive mid parent heterosis in the second cross was displayed by 19 
crosses with maximum value of 27.56% contributed by the cross NIAB-228 × Reshmi-
90, followed by NIAB-228 × CIM-240 (24.43%). Maximum decrease over mid parent 
(−14.87%) was presented by the cross BH-160 × NIAB-78. A range of 2.34% to 27.23% 
heterobeltiosis for the trait was recorded in 12 crosses including NIAB-228 × Reshmi-90 
with the highest value followed by NIAB-228 × CIM-240 (19.90%). Maximum negative 
heterobeltiosis (−15.04%) was shown by the cross BH-160 × NIAB-78 (Table 4.3.14). 
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Table 4.3.13 Heterotic manifestation for seed index and seed volume per 100 seeds in 
cross I of G. hirsutum L. 
Cross 
Seed index Seed volume/100 seeds 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
−10.11** 
−0.54NS 
−11.34** 
−8.03** 
−4.28** 
−15.15** 
−9.86** 
−5.53** 
7.23** 
−12.57** 
−12.86** 
−3.96** 
−6.60** 
1.06NS 
3.84** 
−4.06** 
19.97** 
12.15** 
7.91** 
−11.76** 
2.08* 
−4.20** 
−3.97** 
4.53** 
9.83** 
−10.94** 
6.99** 
3.40** 
−6.81** 
4.65** 
−12.71** 
−10.49** 
−13.16** 
−12.22** 
−12.49** 
−17.11** 
−20.36** 
−13.87** 
−3.73** 
−23.47** 
−17.08** 
−6.84** 
−11.86** 
−2.15NS 
2.45NS 
−9.23** 
14.05** 
10.34** 
4.39** 
−16.97** 
−5.14** 
−4.73** 
−11.49** 
−1.22NS 
8.53** 
−17.71** 
4.23** 
2.48NS 
−7.58** 
0.88NS 
15.29** 
12.10** 
1.11NS 
15.08** 
11.82** 
6.24** 
−9.98** 
−9.82** 
19.61** 
−3.76** 
−17.47** 
−6.81** 
−2.20** 
5.20** 
4.82** 
1.45NS 
5.20** 
−3.61** 
−2.18* 
−13.59** 
3.67** 
−0.96NS 
−2.60** 
9.50** 
20.86** 
−1.80NS 
6.33** 
−6.75** 
−5.01** 
10.73** 
12.39** 
9.66** 
−6.56** 
10.71** 
9.66** 
1.77NS 
−13.39** 
−16.18** 
17.87** 
−7.25** 
−23.74** 
−17.51** 
−4.67** 
−1.56NS 
−7.00** 
−4.67** 
−1.56NS 
−6.61** 
−12.84** 
−24.51** 
3.67** 
−5.50** 
−7.79** 
8.04** 
15.60** 
−3.54** 
4.91** 
−11.20** 
−8.72** 
4.13** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.3.14 Heterotic manifestation for seed index and seed volume per 100 seeds in 
cross II of G. hirsutum L. 
Cross 
Seed index Seed volume/100 seeds 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
0.18NS 
14.44** 
−1.24NS 
−1.66NS 
16.65** 
20.04** 
11.12** 
−12.03** 
25.37** 
7.11** 
−16.38** 
1.08NS 
−0.44NS 
−20.10** 
1.89NS 
−11.38** 
−24.18** 
−21.59** 
11.49** 
−6.06** 
−14.53** 
−13.49** 
−8.24** 
−18.21** 
0.49NS 
7.21** 
−13.45** 
11.83** 
−9.38** 
−4.90** 
−5.06** 
4.70** 
−7.50** 
−5.94** 
7.68** 
17.76** 
6.62** 
−13.02** 
22.89** 
2.51NS 
−22.18** 
−17.12** 
−6.26** 
−26.30** 
−15.80** 
−20.16** 
−35.23** 
−31.23** 
−2.96** 
−19.92** 
−18.12** 
−27.31** 
−11.03** 
−22.36** 
−14.88** 
−0.70NS 
−24.11** 
0.74NS 
−18.99** 
−16.81** 
21.48** 
21.43** 
14.29** 
9.09** 
27.56** 
18.73** 
−6.95** 
1.60* 
24.43** 
14.96** 
−0.22NS 
11.21** 
−2.29** 
0.42NS 
12.18** 
−0.22NS 
4.03** 
−14.87** 
3.33** 
13.56** 
15.89** 
5.54** 
−0.89NS 
3.85** 
−2.97** 
11.52** 
11.36** 
−0.87NS 
−4.76** 
10.40** 
14.95** 
18.41** 
3.39** 
0.44NS 
27.23** 
10.91** 
−14.16** 
−9.76** 
19.90** 
14.66** 
−6.53** 
1.22NS 
−4.08** 
−3.27** 
−0.41NS 
−5.31** 
−0.00NS 
−15.04** 
−4.90** 
0.82NS 
15.89** 
2.34** 
−5.51** 
0.88NS 
−8.41** 
10.00** 
8.41** 
−7.32** 
−6.54** 
4.21** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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4.3.15 Seed density 
Analysis of data for seed density revealed significant heterosis and heterobeltiosis 
exhibited by various cross combinations (Table 4.3.15). Out of thirty crosses analyzed, 6 
crosses showed highly significant and positive mid parent heterosis ranging from 3.40% 
to 16.34%, the highest was exhibited by BH-89 × NIAB-78, followed by BH-89 × S-12 
(13.90%). Whereas 16 crosses showed significant negative heterotic effects including 
NIAB-999 × CIM-70 with the maximum negative heterosis (−22.14%). Highly 
significant positive increase over higher parent was observed for the crosses BH-89 × 
NIAB-78 (14.57%), BH-89 × S-12 (12.02%) and (NIAB-999 × BH-89) × NIAB-78 
(6.31%). 
 NIAB-228 × S-12, (NIAB-228 × BH-89) × NIAB-78, BH-160 × CIM-240 and 
(NIAB-228 × BH-89) × Reshmi-90 showed highly significant increase of 18.20%, 
11.48%, 8.47% and 4.31%, respectively, over the average of two parents in the second 
cross (Table 4.3.16). While 22 crosses displayed significant negative heterosis including 
BH-160 × S-12 with maximum negative value of −26.77%. Relatively lower heterosis 
(5.03%) over higher parent was observed for the cross NIAB-228 × S-12, while the 
highest decrease over better parent was observed for the cross BH-160 × S-12 (−35.25%). 
4.3.16 Seed surface area 
Highly significant and positive mid parent heterotic effects were recorded in 10 
cross combinations in cross I (Table 4.3.15). The magnitude ranging from 3.60% to 
20.85% was observed, the maximum being scored by (NIAB-999 × BH-89) × Reshmi-90 
followed by NIAB-999 × CIM-240 (19.58%). Maximum negative mid parent heterosis 
was displayed by the cross BH-89 × VH-144 (−13.55%). Eleven crosses performed better 
than their better parent including NIAB-999 × CIM-240 with maximum positive 
heterobeltiosis (17.88%) followed by (NIAB-999 × BH-89) × Reshmi-90 (15.57%). 
 Significant positive mid parent heterosis in the second cross was displayed by 19 
crosses ranging from 3.35% to 27.56% with maximum value scored by the cross NIAB-
228 × Reshmi-90 (Table 4.3.16). Maximum decrease over the average of two parents was 
presented by the cross BH-160 × NIAB-78 (−14.93%). A range of 2.39% to 27.24% 
heterobeltiosis for seed surface area was recorded in 12 crosses including NIAB-228 × 
Reshmi-90 with maximum value followed by NIAB-228 × CIM-240 (19.96%). 
Maximum negative heterobeltiosis (−15.11%) was shown by the cross BH-160 × NIAB-
78. 
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Table 4.3.15 Heterotic manifestation for seed density and seed surface area in cross I of 
G. hirsutum L. 
Cross 
Seed density Seed surface area 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-999 × CIM-70 
NIAB-999 × Russian 
NIAB-999 × CIM-496 
NIAB-999 × CIM-1100 
NIAB-999 × Reshmi-90 
NIAB-999 × FH-634 
NIAB-999 × S-12 
NIAB-999 × NIAB-78 
NIAB-999 × CIM-240 
NIAB-999 × VH-144 
BH-89 × CIM-70 
BH-89 × Russian 
BH-89 × CIM-496 
BH-89 × CIM-1100 
BH-89 × Reshmi-90 
BH-89 × FH-634 
BH-89 × S-12 
BH-89 × NIAB-78 
BH-89 × CIM-240 
BH-89 × VH-144 
(NIAB-999 × BH-89) × CIM-70 
(NIAB-999 × BH-89) × Russian 
(NIAB-999 × BH-89) × CIM-496 
(NIAB-999 × BH-89) × CIM-1100 
(NIAB-999 × BH-89) × Reshmi-90 
(NIAB-999 × BH-89) × FH-634 
(NIAB-999 × BH-89) × S-12 
(NIAB-999 × BH-89) × NIAB-78 
(NIAB-999 × BH-89) × CIM-240 
(NIAB-999 × BH-89) × VH-144 
−22.14** 
−11.10** 
−13.10** 
−20.37** 
−14.30** 
−20.36** 
−0.56NS 
3.40** 
−10.25** 
−8.80** 
4.48** 
1.77NS 
−4.74** 
−4.60** 
−2.40NS 
−6.19** 
13.90** 
16.34** 
9.06** 
0.86NS 
−1.49NS 
−3.44* 
−1.24NS 
−4.48** 
−9.35** 
−9.17** 
0.54NS 
10.69** 
−2.03NS 
−5.68** 
−26.25** 
−18.37** 
−21.19** 
−26.74** 
−20.21** 
−25.39** 
−15.03** 
−11.74** 
−18.34** 
−17.48** 
−7.71** 
−7.40** 
−12.25** 
−13.36** 
−12.38** 
−16.29** 
12.02** 
14.57** 
0.15NS 
−6.86** 
−8.47** 
−7.40** 
−4.03** 
−8.58** 
−14.30** 
−14.67** 
−3.31* 
6.31** 
−5.13** 
−8.11** 
15.26** 
12.07** 
1.07NS 
15.14** 
11.77** 
6.23** 
−10.00** 
−9.77** 
19.58** 
−3.76** 
−17.48** 
−6.80** 
−2.16* 
5.22** 
4.82** 
1.50NS 
5.22** 
−3.61** 
−2.21* 
−13.55** 
3.60** 
−0.97NS 
−2.63** 
9.46** 
20.85** 
−1.81NS 
6.35** 
−6.78** 
−4.99** 
10.67** 
12.33** 
9.63** 
−6.60** 
10.78** 
9.63** 
1.78NS 
−13.41** 
−16.13** 
17.88** 
−7.25** 
−23.72** 
−17.49** 
−4.62** 
−1.53NS 
−6.99** 
−4.62** 
−1.53NS 
−6.61** 
−12.83** 
−24.48** 
3.60** 
−5.54** 
−7.80** 
8.02** 
15.57** 
−3.52** 
4.95** 
−11.20** 
−8.69** 
4.05** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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Table 4.3.16 Heterotic manifestation for seed density seed surface area in cross II of G. 
hirsutum L. 
Cross 
Seed density Seed surface area 
MP heterosis BP heterosis   MP heterosis BP heterosis   
NIAB-228 × CIM-70 
NIAB-228 × Russian 
NIAB-228 × CIM-496 
NIAB-228 × CIM-1100 
NIAB-228 × Reshmi-90 
NIAB-228 × FH-634 
NIAB-228 × S-12 
NIAB-228 × NIAB-78 
NIAB-228 × CIM-240 
NIAB-228 × VH-144 
BH-160 × CIM-70 
BH-160 × Russian 
BH-160 × CIM-496 
BH-160 × CIM-1100 
BH-160 × Reshmi-90 
BH-160 × FH-634 
BH-160 × S-12 
BH-160 × NIAB-78 
BH-160 × CIM-240 
BH-160 × VH-144 
(NIAB-228 × BH-160) × CIM-70 
(NIAB-228 × BH-160) × Russian 
(NIAB-228 × BH-160) × CIM-496 
(NIAB-228 × BH-160) × CIM-1100 
(NIAB-228 × BH-160) × Reshmi-90 
(NIAB-228 × BH-160) × FH-634 
(NIAB-228 × BH-160) × S-12 
(NIAB-228 × BH-160) × NIAB-78 
(NIAB-228 × BH-160) × CIM-240 
(NIAB-228 × BH-160) × VH-144 
−17.51** 
−6.00** 
−13.93** 
−10.15** 
−8.52** 
0.77NS 
18.20** 
−14.88** 
0.52NS 
−6.83** 
−16.14** 
−8.02** 
1.95NS 
−20.23** 
−8.19** 
−10.90** 
−26.77** 
−7.89** 
8.47** 
−16.78** 
−26.25** 
−17.60** 
−7.79** 
−21.43** 
4.31** 
−3.98** 
−22.66** 
11.48** 
−4.69** 
−13.41** 
−17.64** 
−15.94** 
−17.06** 
−13.66** 
−15.32** 
−4.15** 
5.03** 
−25.14** 
−4.96** 
−10.60** 
−16.73** 
−18.15** 
−2.28NS 
−23.76** 
−15.46** 
−15.69** 
−35.25** 
−19.39** 
2.02NS 
−20.56** 
−29.35** 
−28.94** 
−14.61** 
−27.44** 
−7.06** 
−12.18** 
−33.72** 
−5.40** 
−13.33** 
−20.14** 
21.52** 
21.40** 
14.27** 
9.11** 
27.56** 
18.72** 
−6.97** 
1.57* 
24.50** 
14.99** 
−0.19NS 
11.22** 
−2.28** 
0.44NS 
12.16** 
−0.19NS 
4.06** 
−14.93** 
3.35** 
13.60** 
15.96** 
5.56** 
−0.89NS 
3.87** 
−2.96** 
11.49** 
11.42** 
−0.90NS 
−4.70** 
10.40** 
15.00** 
18.35** 
3.37** 
0.48NS 
27.24** 
10.88** 
−14.16** 
−9.81** 
19.96** 
14.70** 
−6.53** 
1.24NS 
−4.08** 
−3.28** 
−0.44NS 
−5.29** 
0.00NS 
−15.11** 
−4.89** 
0.84NS 
15.96** 
2.39** 
−5.53** 
0.91NS 
−8.39** 
9.95** 
8.47** 
−7.38** 
−6.47** 
4.22** 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
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4.4 Correlation among various seed cotton yield, within-boll and fibre quality traits 
of G. hirsutum L. 
Correlation studies revealed that the number of bolls per plant did not show 
significant association with any of within-boll yield component or fibre quality trait but it 
was significantly positively correlated with seed cotton yield per plant which is obviously 
logical (Table 4.4.2). Average boll weight showed significant positive correlation with 
number of seed per boll, seed index, seed mass per boll, lint mass per boll, fibre strength 
and seed cotton yield. Seeds per boll showed significant positive correlation with seed 
mass per boll while negative correlation with seed index, seed surface area, seed volume, 
lint mass per seed and lint index. Seed index was found to be positively correlated with 
seed surface area, seed volume, lint mass per boll, lint mass per seed and lint index. Seed 
mass per boll showed significant and negative correlation with lint mass per seed. Seed 
surface area was positively correlated with seed volume and lint index while negative 
with seed density. Seed volume and seed density were negatively correlated. Seed density 
showed positive correlation with lint mass per boll and lint mass per seed. Lint mass per 
boll showed positive significant correlation with lint mass per seed, lint index, fibre 
length and seed cotton yield. Lint mass per seed was positively correlated with lint 
percentage, lint index and fibre length and seed cotton yield but negatively correlated 
with fibre fineness. Lint percentage showed positive correlation with lint index while 
fibre length and fibre fineness were negatively correlated. 
In the second cross, number of bolls per plant showed positive correlation with 
boll weight, number of seeds per boll, seed index, fibre strength and seed cotton yield 
while negative correlation with seed mass per boll, seed cotton per seed, seed density, lint 
mass per boll, lint mass per seed, lint index and fibre fineness (Table 4.4.2). Average boll 
weight exhibited positive association with number of seeds per boll, seed index, fibre 
length and seed cotton yield but negative association with fibre fineness. Number of 
seeds per boll were positively associated with lint percentage, fibre length and seed 
cotton yield while negative correlation of number of seeds per boll with seed surface 
area, seed density, lint mass per boll, lint mass per seed and fibre fineness was observed. 
Seed index showed positive association with seed surface area, seed volume and seed 
cotton yield while negative with seed mass per boll, lint mass per seed and fibre fineness. 
Positive association of seed mass per boll with seed density , lint mass per boll, lint mass 
per seed and fibre fineness was observed but it showed negative correlation with the 
remaining fibre quality traits like lint percentage, fibre length and fibre strength. Seed 
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surface area exhibited positive correlation with seed volume, lint index and fibre strength 
while negative correlation with seed density. Seed volume showed significant positive 
correlation only with fibre strength. Seed density was positively correlated with lint mass 
per boll, lint mass per seed and fibre fineness whereas negative correlation with lint 
percentage, fibre length, fibre strength and seed cotton yield. Lint mass per boll was 
positively correlated with lint mass per seed, lint index and fibre fineness while negative 
association of lint mass per boll with lint percentage, fibre length, fibre strength and seed 
cotton yield was observed. Lint percentage was positively correlated with fibre length 
and fibre strength but negatively with lint index and fibre fineness. Lint index exhibited 
positive correlation with fibre fineness and negative with fibre length and fibre strength. 
Fibre length and fibre fineness were negatively correlated. Fibre length showed positive 
association with fibre strength and seed cotton yield. Fibre fineness exhibited negative 
correlation fibre strength and seed cotton yield. 
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Table 4.4.1 Correlation coefficients of various traits in cross I of G. hirsutum L. 
 
B/P BW S/B SI SM/B SSA SV SD LM/B LM/S LP LI FL FF FST 
BW −0.008NS 
              
S/B −0.135NS 0.576** 
             
SI 0.108NS 0.387** −0.418** 
            
SM/B −0.201NS 0.600** 0.696** −0.112NS 
           
SSA 0.109NS 0.16NS −0.341* 0.594** o.211NS 
          
SV 0.11NS 0.158NS −0.342* 0.593** 0.211NS 1.000** 
         
SD −0.022NS 0.219* −0.05NS 0.369* −0.364* -0.526** −0.528** 
        
LM/B 0.168NS 0.724** 0.112NS 0.580** −0.118NS 0.022NS 0.021NS 0.583** 
       
LM/S 0.232NS 0.374* −0.394** 0.745** −0.462** 0.175NS 0.174NS 0.582** 0.864** 
      
LP 0.124NS 0.102NS −0.299NS −0.04NS −0.166NS -0.018NS −0.017NS −0.029NS 0.27NS 0.392** 
     
LI 0.165NS 0.321* −0.497** 0.579** −0.196NS 0.355* 0.354* 0.197NS 0.570** 0.772** 0.790** 
    
FL 0.054NS 0.121NS −0.112NS 0.274NS −0.279NS -0.052NS −0.053NS 0.348* 0.387** 0.400** −0.002NS 0.161NS 
   
FF −0.203NS −0.042NS 0.073NS −0.165NS 0.364* 0.147NS 0.148NS −0.358* −0.366* −0.390** −0.013NS −0.121NS −0.485** 
  
FST −0.283NS 0.390** 0.225NS 0.139NS 0.311* 0.07NS 0.07NS 0.06NS 0.216NS 0.076NS 0.022NS 0.103NS 0.172NS 0.218NS 
 
SCY 0.828** 0.548** 0.205NS 0.312* 0.164NS 0.189NS 0.189NS 0.101NS 0.543** 0.404** 0.152NS 0.315* 0.118NS −0.196NS −0.012NS 
(**,*,NS represents highly significant, significant and non-significant differences, respectively) 
B/P, number of bolls/plant; BW, average boll weight; S/B, number of seeds per boll; SI, seed index; SM/B, seed mass/boll; SSA, seed surface area; SV, 
seed volume; SD, seed density; LM/B, lint mass/boll; LM/S, lint mass/seed; LP, lint percentage; LI, lint index; FL, fibre length; FF, fibre fineness; FST, 
fibre strength; SCY, seed cotton yield. 
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Table 4.4.2: Correlation coefficients for various traits in cross II of G. hirsutum L. 
 
B/P BW S/B SI SM/B SSA SV SD LM/B LM/S LP LI FL FF FST 
BW -0.227NS 
              
S/B -0.315* 0.673** 
             
SI 0.128NS 0.406** −0.037NS 
            
SM/B −0.671** −0.038NS −0.317* −0.492** 
           
SSA -0.014NS 0.005NS -0.368* 0.374* -0.215NS 
          
SV 0.093NS 0.057NS −0.179NS 0.393** −0.219NS 1.000** 
         
SD −0.727** −0.356* −0.683** −0.391** 0.886** -0.344* −0.167NS 
        
LM/B −0.679** −0.205NS −0.631** −0.316* 0.882** 0.201NS −0.088NS 0.979** 
       
LM/S −0.746** −0.378* −0.675** −0.441** 0.888** 0.265NS −0.132NS 0.996** 0.975** 
      
LP 0.506** 0.319* 0.408** 0.345* −0.775** 0.261NS 0.265NS −0.808** −0.743** −0.795** 
     
LI −0.641** −0.238NS −0.789** −0.102NS 0.701** 0.455** 0.105NS 0.878** 0.910** 0.873** −0.472** 
    
FL 0.725** 0.413** 0.700** 0.348* −0.755** -0.175NS 0.036NS −0.871** −0.835** −0.872** 0.635** −0.823** 
   
FF −0.750** −0.396** −0.622** −0.486** 0.865** -0.057NS −0.148NS 0.949** 0.916** 0.956** −0.793** 0.794** −0.865** 
  
FST 0.465** 0.097NS 0.305* 0.351* −0.720** 0.569** 0.500** −0.715** −0.692** −0.693** 0.644** −0.529** 0.545** −0.675** 
 
SCY 0.818** 0.808** 0.569** 0.522** −0.248NS -0.011NS 0.056NS −0.438** 0.315* 0.467** 0.308* −0.343* 0.515** −0.498** 0.181NS 
B/P, number of bolls/plant; BW, average boll weight; S/B, number of seeds per boll; SI, seed index; SM/B, seed mass/boll; SSA, seed surface area; SV, 
seed volume; SD, seed density; LM/B, lint mass/boll; LM/S, lint mass/seed; LP, lint percentage; LI, lint index; FL, fibre length; FF, fibre fineness; FST, 
fibre strength; SCY, seed cotton yield. 
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CHAPTER 5 
DISCUSSION 
 
Existence of variability among different accessions is the primary requirement to 
start a breeding program for any crop (Therthappa, 2005 and Ali and Khan, 2007). The 
preliminary statistical analyses of various traits related to boll, seed cotton yield and fiber 
quality revealed the existence of significant amount of genetic variations in all the 
characters measured in both the crosses. A plenty of reports have been documented on 
existence of variability with respect to various traits in G. hirsutum. (Ahmad et al., 2008; 
Khan et al., 2009; Zhang et al., 2011; Haider et al., 2012; Ranganatha et al., 2013). The 
studied variability in the present case could be credited to diverse nature of the parental 
material used for this study. When such a valuable variation is available for selection, 
collection of information on relative contribution of additive, dominance and epistatic 
variance to the genetic variation in the trait is important before devising a selection 
method for improving the trait (Bhatti et al., 2006). Among various approaches for 
detecting types of genetic variances, triple test cross is a useful genetic model which 
provides, in addition to the estimation of additive and dominance variance, a valid test 
about the presence or absence of epistasis (Kearsey and Jinks, 1968; Singh and 
Chaudhary, 1985; Bhatti et al., 2006; Kusterer et al., 2007; Saleem et al., 2009). 
Triple test cross analysis of the data led to the detection of significant epistasis in 
all the characters except fibre length in cross I where it was found to be non-significant. 
Al-Rawi and Kohel (1969); Pathak and Singh (1970); Pathak (1975); Khan et al. (1980); 
Khan et al. (1999) reported operation of epistatic interaction in the inheritance of various 
traits in cotton. There seemed a greater consistency with respect to the presence or 
absence of non-allelic interactions (epistasis) in the inheritance most of the traits in both 
crosses. Similarly for the presence or absence of components or types of epistasis, there 
again seemed a greater similarity between the two crosses for various traits. Additive × 
additive epistasis was observed to be non-significant for almost all the traits except fibre 
strength, seed density and seed index in cross I while bolls per plant and fibre strength in 
cross II, these exceptions were considered to be resulted due to increased effects of 
additive genetic variances for the traits. While additive × dominance and dominance × 
dominance epistasis was significant for all the traits in both the crosses. Presence of 
epistasis or more specifically j+l type epistasis in all the traits in both crosses may likely 
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handicap plant breeders for making straight forward selection and in such situations 
selection should be deferred till later generations as suggested by Tripathi and Singh 
(1983) or heterosis breeding may be rewarding for these traits (Melchinger et al., 2007). 
Recurrent selection procedure may also be adopted as it accumulates both additive and 
non-additive effects of genes (Coyle and Smith, 1997). 
Analysis of variance for lines sums and differences provides the measures of 
additive (sums) and dominance (differences) components of genetic variation (Kearsey 
and Jinks, 1968; Singh and Chaudhary, 1985). Both items, the sums and differences were 
significant for all the traits in both the crosses revealing the importance of additive and 
non-additive properties of genes. Earlier reports by Ashraf and Ahmad (2000); Singh and 
Singh (2001); Yuan et al. (2001); Christopher et al. (2003); Subhan et al. (2003); 
Neelima and Reddy (2008); Panhwar et al. (2008); Bbebe et al. (2010); Ali et al. (2011); 
Sarwar et al. (2011); Hussain et al. (2013); Raza et al. (2013) and many other researchers 
advocated the presence of additive as well as dominant genetic effects in the inheritance 
of traits related to boll, seed cotton yield and fibre quality.  
In traits like number of bolls per plant, seed cotton yield per plant, lint percentage, 
lint index, fibre fineness, lint mass per boll and lint mass per seed in cross I and seed 
mass per boll and lint mass per seed in cross II, the additive variance was found to be 
higher in magnitude than the dominance variance depicting the relative importance of 
additive gene action in the inheritance of these traits. Khan et al. (1980) for number of 
bolls and seed cotton yield; Khan et al. (1991) for lint index; Yuan et al. (2001) for lint 
percentage; Aguiar et al. (2007) for fibre fineness and Tang and Xiao, (2013) for lint 
mass per seed reported operation of additive genetic effects. Dominance variance was 
preponderant for all the remaining traits except seed density in cross I and fibre fineness 
and seed number per boll in second cross for which both the additive and dominance 
variances were of almost equal magnitude. These results are in agreement with Yuan et 
al. (2001); Ali et al. (2011); Panhwar et al. (2008); Shah et al. (1993).  
The differences in relative importance of additive and dominance components 
between the two cross may be attributed to diverse genetic background of parents (Tang 
et al., 1993; Patel et al., 1997; Pavasia et al., 1999; Kiani et al., 2007). Non-allelic 
interactions may also vulnerable to change the strength of additive and dominant 
components (Bhatti et al., 2006). Natural mutations in the parental genetic make-up may 
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also be responsible for these contradictions (Stebbins, 1950; Harten, 1998; Schouten, 
2006).  
Predominance of additive genetic effects in the earlier mentioned traits was also 
confirmed from the relative ratios (H/D)1/2 for the  two components of genetic variation 
which were found to be less than unity depicting partial dominance or lack of dominance 
in the genetic architecture of the traits.  Simple selection method may be followed to 
improve these traits (Ahmad et al., 2006; Imran et al., 2012). For seed density in cross I 
and fibre fineness and seeds per boll in cross II, the degree of dominance was almost 
equal to one, suggesting that both additive and dominance various were equally important 
in the inheritance of the traits.  
While for the characters like average boll weight, fibre length, fibre strength, 
seeds per boll, seed mass per boll, seed index, seed volume and seed surface area in cross 
I and number of bolls per plant, average boll weight, seed cotton yield, lint percentage, 
lint index, fibre length, fibre strength, lint mass per boll, seed index, seed volume and 
seed density, genes showed over-dominance as (H/D)1/2 was more than 1. Dominance 
component of genetic variation was majorly operative in these traits, it can therefore be 
recommended that early generations may not be liable to selection (Imran et al., 2012; 
Yang, 2009). Selection should be delayed till advanced generations or one should go for 
heterosis breeding for the improvement in these traits (Ali, 2012; Arifullah et al., 2013). 
But since there was strong evidence of the presence of significant epistasis in the 
inheritance of almost all the traits, the estimates of additive (D) and dominance (H) 
variances were biased by epistasis to an unknown extent (Bhatti et al., 2006). Therefore 
no precise conclusion could be drawn about the relative importance of the components of 
genetic variation. However, high extent of dominance variance along with significant j+l 
type epistasis indicate that probably dominance and epistatic components are relatively 
more important for the genetic control of the traits. One of the important implications of 
existence of substantial amount of epistatic component is that early generation selection 
shall not be fruitful and selection process should be delayed till advanced generations 
when appreciable homozygosity is achieved (Spitters, 1979; Gomes et al., 2004; Zubair, 
2007). Recurrent selection procedures may be useful in the sense that it will exploit both 
additive and non-additive components of genetic variation for bringing about 
improvement in seed cotton yield, its related attributes and fibre quality. Such a strategy 
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will help increase frequency of favorable alleles while maintaining genetic variation in 
breeding population as has been suggested by Doerksen et al. (2003).  
Major impact of dominance variance and involvement of highly significant 
amount of additive × dominance and dominance × dominance epistasis suggested 
strongest reason for hybrid development for the improvement in various traits related to 
boll, seed cotton yield and fibre quality (Yu et al., 1997; Melchinger, 2007).  
Correlation coefficient (rs,d) for lines sums and differences was found to be 
significant and positive for lint mass per seed, seed volume, seed density and seed surface 
area in cross I while seeds per boll in second cross, suggesting that dominant alleles have 
decreasing effects on the traits. Whereas for fibre strength and fibre finesse in cross I and 
fibre length, lint mass per boll and seed density in cross II, it was significant and negative 
indicating that dominant alleles have increasing effects on the traits. Correlation 
coefficient (rs,d) for the remaining traits was non-significant indicating dispersed 
distribution of positive and negative alleles among parents. 
Assessment of variability and selection of parents is a prerequisite for a successful 
breeding program (Thiyagu et al., 2010; Ranganatha, 2013; Kumar and Singh, 2014). 
Combining ability analysis is a very useful tool to assess the potential of parents to 
combine with each other and with other genotypes under study (Olfati et al., 2012; 
Gowda et al., 2013; Shankar, 2013). Significant results revealed from the analysis of 
variance for combining ability indicated the variability among various genotypes under 
the current study and their relevant potential to combine with other lines/varieties and 
produce desirable results. Parent used as lines and testers were originating from different 
breeding institutes and methodology of evolution presented significant differences with 
respect to various traits under study. Hybrids thus produced presented a wide range of 
results both in desirable and undesirable directions.  
Bolls per plant contribute directly to the seed cotton yield (Ahmad et al., 2011). 
NIAB-999, NIAB-228, CIM-240 and FH-634 can be recommended, on the basis of their 
good GCA estimates, to be used in breeding programs for increase in number of bolls per 
plant.  Heavier bolls will have more number of seeds in them, as a result total surface 
area of seeds will be increased for more lint production, thereby increasing the lint yield. 
BH-160, CIM-496 and NIAB-78 exhibited greater GCA effects for average boll weight. 
However, increased boll weight solely may not be the measure of increased seed cotton 
yield. Breeding for increased boll weight, more number of seeds per boll, seed index and 
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number of fiber produced by individual seed should also be considered along with boll 
weight because oftenly increase in number of seeds with large diameter may also 
contribute to heavier bolls, which will exert an unfavorable effect on lint yield (Imran et 
al., 2012). Fibers are the extensions of epidermal cells of seeds (Balls, 1915) and it has 
already been established that greater the number of seeds per boll, greater will be the 
surface area for greater lint production (Harrell and Culp, 1976; Bednarz et al., 2007; 
Groves and Bourland, 2010).  
General combining ability estimates for number of seeds per boll revealed that 
BH-160 and CIM-496 displayed better GCA effects for the trait. Increased seed mass per 
boll is desirable however this increase should be due to more number of seeds rather than 
the larger size of seeds which will exert a detrimental effect on lint percentage and lint 
yield (Culp and Harrell, 1975; Imran et al, 2012). The genotypes which performed well 
for number of seeds per boll also exhibited stronger GCA effects for seed mass per boll. 
Increase in lint mass per boll will have a favorable effect on lint percentage and 
ultimately on the lint yield per plant or per unit land area. For lint mass per boll 
maximum GCA effects were presented by BH-160 and CIM-496 and hence are 
recommended for future breeding programs for increased lint yield. BH-89 and CIM-240 
in cross I, while BH-160 and CIM-496 in second cross presented good GCA estimates for 
seed cotton yield. For fibre length, VH-144 and S-12 were the best general combiners in 
cross I and II, respectively. 
BH-89, though, was considered as poor combiner for number of boll per plant but 
it combined with CIM-496, which was a good combiner for the said trait, proved to be 
the best combination for the mentioned trait. A plenty of cases have been reported 
involving good × good, good × poor and poor × poor parents resulting in hybrids with 
outstanding performance for the trait of interest (Karademir et al., 2007; Imran et al., 
2012). For boll weight, the best combination was (NIAB-999 × BH-89) × CIM-1100, 
interestingly both the parent were poor combiner for the trait. Considering seed cotton 
yield per plant NIAB-999 × CIM-70 and NIAB-228 × CIM-1100 exhibited the highest 
SCA effects, both the crosses involved poor general combiner parent for the trait.  
For seeds per boll and seed mass per boll, NIAB-999 × VH-144 and (NIAB-228 × 
BH-160) × Reshmi-90 exhibited maximum SCA value in cross I and II, respectively, here 
again poor performer parents combine to produce desirable cross. (NIAB-999 × BH-89) 
× CIM-1100 and (NIAB-228 × BH-160) × FH-634 proved to be the best combinations 
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regarding lint mass per boll, here poor combiners combined with average combiner for 
the trait. For fibre length, NIAB-999 × FH-634 (involving both poor general combiners) 
and (NIAB-228 × BH-160) × S-12 (involving poor × good general combiner) came 
forward in desirable direction. 
Heterosis or hybrid vigor had a great impact on agricultural yield and can be 
considered as one of the most important gift of the genetics to agriculture (Kaya, 2005). 
The heterosis may arise; 
1) Owing to accumulation of favorable dominant genes (dominance hypothesis) in a 
hybrid from its parents. (Davenport, 1908; Bruce, 1910 and Keeble and Pellew, 1910). 
2) Heterozygote might be superior to homozygote at particular loci (Shull, 1908; 
East, 1908; and supported by Hull, 1945). 
3) Interaction among favorable alleles (epistasis) at different loci was also proposed 
for the first time by Bateson (1909) and later on by Fisher (1918). 
A large number of attempts have been made to investigate the molecular basis of 
heterosis. Xiao et al. (1995) and Parvez (2006) reported that the QTLs involved in 
heterosis and various quantitative traits have dominant effect. Swanson-Wagner et al. 
(2006) proposed that siRNAs resulting from transposons and repeats may differ from one 
inbred to other and produces novel gene expression including dominance and under-
dominance. Genomic studies on maize also showed a significant loss of colinearity at 
different loci as a result of self-pollination and resulting in inbreeding depression in the 
inbred lines (Hochholdinger and Hoecker, 2007). Despite all the advancement in 
molecular techniques no conclusive evidence has been presented in support of these 
theories. Overall one can say that multiple molecular mechanisms are involved in the 
phenomenon of heterosis.   
Apparently, in the current study, it seemed that preponderant effects of dominance 
variance in most of the traits and involvement of highly significant amount of epistasis in 
all the traits may be considered as the key factor for manifestation of heterotic effects 
(Yu, 1997; Dong et al., 2007; Melchinger et al., 2007). A wide range of heterosis which 
varied in magnitude as well as direction was also witnessed in this study for majority of 
the traits. Maximum heterotic (mid and better parent) effects for number of bolls per 
plant were presented by the cross BH-89 × CIM-496, as expected on the basis of SCA 
effects. Therefor this cross combination can be recommended for hybrid breeding for 
increased vigor in number of boll per plant. The crosses BH-89 × Reshmi-90 and NIAB-
228 × S-12, BH-89 × CIM-496 and BH-160 and NIAB-78, NIAB-999 × CIM-70 and 
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BH-160 × CIM-70, BH-89 × NIAB-78 and NIAB-228 × NIAB-78 out performed their 
relevant higher parent for boll weight, seed cotton yield, seeds per boll and seed mass per 
boll in cross I and II, respectively. These crosses should be considered in hybrid 
development programs to exploit heterobeltiosis in the mentioned traits. 
Correlation studies provide the information about type and strength of association 
among various traits under study and with the economic yield of the crop. As has been 
well established, number of bolls and boll weight were the largest contributor to the seed 
cotton yield. Similar results have been reported by many researchers; Aguado et al. 
(2010); Azhar et al. (2004); Bayaty (2005); Desalegn et al. (2009); Farooq et al. (2013); 
Ahamd et al. (2008); Naveed (2004); Chattha et al. (2013); Salahuddin et al. (2010). 
Simultanious improvement in seed cotton yield and fibre quality traits observed to be 
non-practical, as has been well established, due to negative association of fibre length, 
fibre strength and fibre fineness with seed cotton yield. Strong linkage and failure of 
independent assortment are the main causes of this negative relationship. Earlier reports 
by Yuan et al. (2001); Scholl and Miller (1976); and Azhar et al. (2004) about negative 
correlation between yield and quality traits well supported the current results. 
Considering association of within-boll yield components with agronomic and 
fibre quality traits revealed that, among within-boll yield components, lint mass per boll, 
seed mass per boll and seed number per boll were main contributors of seed cotton yield 
in decreasing order (0.67, 0.58, 0.54, respectively). Similar results were documented by 
Smith and Coyle (1997); Basal et al. (2009); Tang and Xiao (2014). Seed volume and 
seed surface area exhibited the strongest correlation which seemed to be obvious. Seed 
number and seed mass per boll exhibited positive significant correlation with average boll 
weight which also seems to be logical in the way that more the number of seeds will 
provide more surface area for greater lint production, hence will increase the boll weight 
and ultimately the seed cotton and lint yield. Worley et al. (1974); Culp and Harrell 
(1975); Smith and Coyle (1997); Imran et al. (2012) also reported same results regarding 
number of seeds and seed mass per boll. 
One of the undesirable associations was observed between seed number and lint 
mass per seed which may be justified as the increased percentage of immature and less 
developed seeds producing lesser lint. There seemed a non-consistent relationship of 
within-boll yield components with fibre quality traits in the two crosses. Lint mass per 
boll exhibited negative correlation with all fibre traits in cross II while only with fibre 
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fineness in cross I. Seed number and seed mass per boll displayed negative correlation 
with fibre length, positive with fibre fineness and significant positive with fibre strength 
in cross I whereas in second cross the situation was contradictory as seed number and 
seed mass per boll showed positive significant with fibre length, positive with fibre 
fineness but negative with fibre strength. This non consistency and contradiction may be 
due to the reason that a limited number of genotypes were involved in the study. 
Concluding all the discussion about correlation studies, it can be drawn that increased 
seed number along with more lint mass per boll, while keeping the fibre quality traits as 
constant, can be used as indirect selection criteria for increased seed cotton yield. 
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CHAPTER 6 
SUMMARY 
Pakistan ranks at 4th position with respect to global area and production of cotton. 
However the yield level is low as compared to other major cotton producing countries. 
There are so many pathways which contribute to the final yield of cotton plant, one of 
which may be the exploitation and selection for some basic traits related to boll e.g. seeds 
number per boll, seed mass per boll, lint mass per boll, lint mass per seed, seed index, 
seed volume and seed surface area etc. keeping in view the importance of boll related 
traits towards final yield and fibre quality, the present study was conducted with the 
objectives; (1) Understand the genetic mechanism involved in the inheritance of within-
boll yield components. (2) Estimate the combining ability effects of the parents and 
crosses and heterotic manifestation of the crosses of some of the local genotypes for these 
traits. (3) Evaluate the type and strength of association of these traits with seed cotton 
yield and fibre quality traits. 
The research trials were conducted at research area of the department of Plant 
Breeding and Genetics, University of Agriculture Faisalabad. Two crosses were made in 
field conditions in 2008, involving contrasting parents with respect to seed cotton yield 
and fibre quality characters. The F1’s were grown along with their relevant parents and 10 
other genetically diverse genotypes. Crosses were made following the modified triple test 
cross scheme in field conditions in 2009. The triple test cross progeny produced was 
grown in field in 2010 under RCBD with three replication and data on various were 
recorded and analyzed. 
Significant amount of epistatic interaction was found to be involved in expression 
of all traits except fibre length. Further partitioning of total epistasis into components 
revealed that i type epistasis (additive × additive) was non-significant for all the traits 
except fibre strength, seed index and seed density while j+l (additive × dominance and 
dominance × dominance) epistasis was significant for all the traits studied. The additive 
variance was greater in magnitude than dominance variance for the traits like number of 
bolls per plant, seed cotton yield per plant, lint percentage, lint index, fibre fineness, lint 
mass per boll and lint mass per seed resulting in partial degree of dominance for these 
traits. While dominance variance was found to be greater in magnitude than additive 
variance for average boll weight, fibre length, fibre strength, seeds per boll, seed mass per 
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boll, seed index, seed volume and seed surface area resulting in over-dominance type of 
gene action. Seed density showed complete dominance of the genes. Correlation 
coefficient was found to be significant and positive for lint mass per seed, seed volume, 
seed density and seed surface area indicating the direction of dominance towards 
decreasing parent whereas for fibre strength and fibre finesse it was significant and 
negative pointing toward the dominance of increasing parent.  
In the second cross, total epistasis was significant for all the traits, partitioning of 
total epistasis into components revealed significant j+l type epistasis while non-
significant i type epistasis for all the traits. Dominance variance was greater in strength 
than additive variance for all the traits except seed mass per boll and lint mass per seed 
indicating the importance of non-additive gene action in controlling the expression of 
these traits. Fibre fineness and seeds per boll presented the value for degree of dominance 
nearly equal to 1 depicting the complete dominance of the genes governing the traits. 
Correlation coefficient was significant and positive for number of seeds per boll 
indicating the direction of dominance toward the decreasing parent while for fibre length, 
lint mass per boll and seed density it was significant and negative indicating the direction 
of dominance towards increasing parent.  
General combining ability of parents revealed that among the lines used in cross I, 
BH-89 showed highest positive GCA effects for most of the characters like boll weight, 
seed cotton yield, lint percentage, lint index, lint mass per boll, lint mass per seed, seed 
volume and seed surface area while (NIAB-999 × BH-89) gave significant GCA 
estimates for fibre strength, fibre fineness, number of seeds per boll and seed mass per 
boll. Among testers, CIM-1100, NIAB-78 and CIM-240 proved to be good general 
combiners for various traits under study. Combining ability analysis of data of the cross 
II revealed that BH-160 showed significant positive GCA estimates for most of the boll 
related yield components including boll weight, seed cotton yield, lint percentage, seeds 
per boll, seed mass per boll, lint mass per boll, lint mass per seed, seed volume and seed 
surface area. Among testers, CIM-496 showed significant and positive GCA effects for 
boll weight, seed cotton yield, seed mass per boll and lint mass per boll. S-12 proved to 
be good general combiner for fibre length, fibre strength and seed number per boll.  
The results pertaining to specific combining abilities (SCA) effects in cross I 
revealed that the hybrid BH-89 × CIM-496 showed significant, positive and highest SCA 
effects for number of bolls per plant. For boll weight, the best combination was (NIAB-
999 × BH-89) × CIM-1100. NIAB-999 × CIM-70 proved to be the best regarding seed 
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cotton yield per plant and seed surface area. The cross NIAB-999 × VH-144 gave 
maximum SCA effects for seed number and seed mass per boll. (NIAB-999 × BH-89) × 
CIM-1100 exhibited highest positive SCA effects regarding lint mass per boll.  
The results of specific combining abilities of hybrids originating from cross II 
revealed that the combination BH-160 × CIM-70 exhibited highest positive and 
significant SCA effects for number of bolls per plant. (NIAB-228 × BH-160) × Reshmi-
90 gained the highest position with respect to boll weight, number of seeds per boll and 
seed mass per boll. The cross NIAB-228 × CIM-70 showed maximum value for seed 
cotton yield per plant. Combination of S-12 with (NIAB-228 × BH-160) showed 
maximum value regarding lint percentage, fibre length, seed volume and seed surface 
area. Proportional contribution of lines, testers and their interaction to the total variance 
revealed that the contribution of line × tester interaction was more as compared to lines 
and testers individual contribution for most of the characters. 
The highest value of mid and better parent heterosis regarding number of bolls per 
plant (43.60% and 25.52%), seed cotton yield per plant (61.41% and 30.67%) and seed 
number per boll (17.28% and 16.14%) was observed for the hybrid BH-89 × CIM-496. 
For boll weight, the highest heterotic effects over mid and better parent i.e. 31.74% and 
24.33% were measured in the cross BH-89 × Reshmi-90. The cross BH-89 × NIAB-78 
produced the best heterotic effects for seed density and lint mass per boll while NIAB-
999 × CIM-240 exhibited maximum positive heterobeltiosis for seed surface area. 
Heterotic manifestation in second cross revealed that the highest increase in seed cotton 
yield per plant over the better parent was shown by NIAB-228 × NIAB-78. For seed 
number per boll, BH-160 × NIAB-78 displayed maximum increase over better parent. 
Maximum increase in lint mass per boll over the higher parent was observed for the cross 
NIAB-228 × NIAB-78 (26.84%). NIAB-228 × Reshmi-90 exhibited the highest increase 
over mid and higher parent for seed surface area. 
Correlation studies revealed that boll weight showed significant positive 
correlation with number of seed per boll, seed index, seed mass per boll, lint mass per 
boll, fibre strength and seed cotton yield. Seeds per boll showed significant positive 
correlation with seed mass per boll while negative correlation with seed index and seed 
surface area. Lint mass per boll showed positive significant correlation with fibre length 
and seed cotton yield. Lint mass per seed was positively correlated with lint percentage, 
fibre length and seed cotton yield but negatively correlated with fibre fineness. In second 
cross, average boll weight exhibited positive association with seed number per boll, fibre 
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length and seed cotton yield but negative association with fibre fineness. Seeds per boll 
were positively associated with lint percentage, fibre length and seed cotton yield. 
Positive association of seed mass per boll with fibre fineness was observed but it showed 
negative correlation with the remaining fibre quality traits. Lint mass per boll was 
positively correlated with fibre fineness while negative associated with lint percentage, 
fibre length, fibre strength and seed cotton yield. 
From the results it can be concluded that role of epistasis must be considered 
while formulating a crop improvement programme. The genetic models neglecting 
epistatic component may supply biased information to the breeders. Due to the 
involvement of additive × dominance and dominance × dominance interaction and 
dominance variance being higher than additive variance for most of the traits, it is 
suggested that selection must be delayed to advance generations or recurrent selection 
method may be adopted. Heterotic potential of geneotypes regarding within-boll yield 
components may be exploited by hybrid development. Higher seed number, seed mass 
and lint mass per boll may be used as indirect selection principles for increased seed 
cotton yield. 
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